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Cover: Ice covers the Illinois River (A) and most of the
Mississippi River (B) shown on this Landsat MSS
image (ID 30325-16062) taken on 24 January 1979.
The Missouri River (C)is ice free here. The St. Louis
metropolitan area (D) is between the Missouri and
Mississippi Rivers at the bottom right of the picture.
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EXECUTIVE SUMMARY

Landsat Multispectral Scanner, Thematic Mapper and Return Beam Vidicon images were
used to map ice distributions along the navigable river portions of the Illinois Waterway from the
Mississippi River to Lake Michigan, and air temperature and discharge data were used to char-
acterize the conditions under which the observed ice formed and changed. The presence or ab-
sence of ice on adjacent lakes, channels and sloughs is also discussed.

Ice was observed on the waterway during 10 of the 13 winters from 1972 to 1985 and on ad-
jacent water bodies every winter. Ice conditions changed frequently on the navigation channel of
the waterway, which is not surprising since large variations in freezing degree-days (FDD), melt-
ing degree-days (MDD) and river flows were typical during and between the winters.

Extensive and long-lasting ice covers formed on the waterway during 1976-77, 1977-78,
1978-79 and 1981-82. The most extensive ice occurred during 1984-85 when 83% of the waterway
was covered. This winter had one of the low FDD/MDD ratios for the November-March period,
1.11, but the highest FDD/MDD ratio and rate of freezing during the freezing period, and the
fourth highest total flow volume, 5.52 x 10° ft*/s days. However, most of the flow occurred in
March, which is at the end of the normal ice season.

Of the winters with 700 or more accumulated FDD, most saw more than 60% of the waterway
ice covered when the cover was at its observed maximum. Exceptions were 1973~74 and 1979-80.
The FDD/MDD ratio was extremely variable and thus not a particularly good indicator of eariy
ice conditions, but it was greater than 1 most of the time when maximum ice was observed, and
it was always greater than 1 when last ice was observed.

I first observed ice on the waterway usually in early to mid-December, and it was gone by mid-
dle to late February, although these times are quite variable. Ice on lakes, channels and sloughs ad-
jacent to the navigation channel was observed earlier and usually lasted well into March.

Total flow volume for the entire winter had no apparent influence on the amount of ice cov-
ering the waterway when the ice was at its maximum and on the length of time ice stayed on the
waterway and adjacent areas; however, timing and intensity of the changes in discharge were very
important. When first ice was observed, discharge was falling or in a trough for most (80%) of the
winters. At maximum ice, discharge was falling or in a trough 60% of the winters and was less than
20,000 ft*/s 70% of the time. When last ice was observed, discharge was rising or peaked for 60%
of the winters; it was falling or stable for 40%.

Landsat image analysis provides data on general ice conditions and distribution, especially
during winters when ice is extensive and long-lasting. During winters when ice is not so, Landsat
images are less useful because of the time gaps between usable images caused by cloud cover and
thesatelliterepeat cycle. Althoughimage resolutionis too coarse to determine detailed characteristics
of ice cover and to discern thin ice or frazil ice that frequently exists at freezeup, the images provide
aview of largereaches of ariver on each scene and, for many riversin cold regions, they commonly
are the only source of data on ice conditions.

Air temperature and discharge determine ice conditions and distribution, but the results of
this study indicate that temperature is usually the more important factor. When used in conjunction
with air temperature and discharge data, Landsat images provide a good and reasonably reliable
method to study river ice conditions and changes. The images show ice distributions while the air
temperatures and discharge show conditions that produce the observed ice cover and changes in
it. This method is especially useful when other data sources on ice conditions are limited or
unavailable.
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Ice Conditions Along the Illinois Waterway
as Observed on Landsat Images, 1972-1985

LAWRENCE W. GATTO

INTRODUCTION

In the northern United States, ice can delay or
stop winter navigationand cause unexpected emer-
gencies. Because of its responsibility for providing
safe and reliable navigation routes, the Corps of
Engineersanalyzed rivericeand investigated struc-
tural and operational solutions to ice problems on
rivers as part of its River Ice Management (RIM)
program.

Previous reports give the results of the collec-
tion of data on past ice conditiors along the Ohio,
Allegheny and Monongahela Rivers and theIllinois
Waterway from ground observations (Bilello et al.
in press, 1988a, b), aerial photographs and video
tapes (Gatto and Daly 1986, Gatto et al. 1986,

1987a) and Landsat images (Gatto et al. 1987a,
Gatto 1988a, b).

Theice data wererequired for developing anice
forecasting model, for evaluating remote sensing
systems, and for other projects in the RIM pro-
gram. The purpose of this report is to describe ice
conditions on the Illinois Waterway during the
winters of 197273 through 1984-85 as determined
from Landsat images. Previous reports (Gatto
1988a, b) detail Landsat image characteristics and
theapproachand techniquesused whenanalyzing
theimages, so these topics will only be summarized
here.

The area of study is the 327 miles of the Illinois
Waterway from Lake Michigan to the Mississippi
River (Fig. 1). The Illinois River portion of the
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Figure 1. Location map with Corps of Engincers lock and dam sites.




Table 1. Pools along the Iilinois Waterway.

Landsat imagery (path-roie) e LengHt Pool start aiid stop points
Landsats 1-3 Landsat 4.5 No. (1) (river miles)
24-31,25-31 22-31,23-31 1 36.2 Lake Michigan (327.2) to Lockport™* L&D (291
24-31,25-31 23-31 2 5.0 Lockport L&D to Brandon Road L&D (286)
24-31,25-31 23-31 3 147 Brandon Road L&D to Dresden Island L&D (271.3)
24-31,25-31 23-31 4 27.0 Dresden Island L&D to Marseilles L&D (244.3)
24-31,25-31 23-31,24-31 5 13.2 Marscilles L&D to Starved Rock L&D (231.1)
25-31,26-31, 23-31,24-31 o 735 Starved Rock L&D to Peoria L&D (157.6)
25-32,26-32 23-32,24-32
25-32,26-32 23-32,24-32 7 775 Peoria L&D to LaGrange L&D (80.1)
25-32,26-32, 24-32,24-33 N 80.1 LaGrange L&D to Mississippi R. Conflucnce (0)

25-33,26-33

* Italicized names are used in the text of this report to refer to pools that divide the waterway into sections shown

here.

waterway extends from the Kankakee River (Fig.
A7) to the Mississippi River, is about 273 miles
long and has five dams and locks (Table 1). Its nav-
igationdepthisatleast9ft, and itrequires periodic
dredging. Above the Kankakee Riverto Lake Mich-
igan (about 54 miles) the waterway includes por-
tions of the DesPlaines River, the Chicago Sanitary
and Ship Can~! the Chicago River and the Calu-
met Sag Channel. The Calumet Sag Channel is not
part of this study. On only eight dates was the
waterway above Lockport Lock and Dam (L&D)
analyzed with the Landsat images. The width of
the waterway in this reach varies from approxi-
mately 170 to 350 tt, which is too narrow for its ice
cover to show distinctly on other than Return
Beam Vidicon (RBV) and Thematic Mapper (TM)
Landsat images. These two image types are not as
numerous as those from the Multispectral Scanner

(MSS).

APPROACH

Landsat images

Five Landsat satellites have acquired images
since 1972, each with twoimaging sensors. Landsat
1,2 and 3 had an MSS, with an Instantaneous Field
of View (IFOV) of approximately 260 by 260 ft.
These three satellites also carried an RBV, which
had an IFOV of 262 by 262 ft on Landsat 1 and 2,
and 131 by 131 ft on Landsat 3. Landsat 4 and 5
havean MSS (same IFOV) and a TM, withan IFOV

of 98 by 98 ft. Previous studies (Gatto 1988a,
Skorve and Vincent 1987) demonstrated that the
0.6- to 0.7-um images showed more gray tones in
riverice than the other spectralbands, solanalyzed
images from the 0.6- to 0.7-um MSS, the 0.580- to
0.680-um RBV (Landsat 1 and 2), 0.505- to 0.750-
pm RBV (Landsat 3), and 0.63- to 0.69-um TM
{Landsat 4 and 5). Seven images from Landsat 1, 2
and 3 and six images from Landsat 4 and 5 were
required to completely cover the waterway (Table
2). Appendix Blists the dates of all Landsatimages
analyzed during this study.

Using Landsat images for analyzing river ice
distributionsalong the waterwwav hasseveral draw-
backs. First, the number of usable images is limited
becauserepeat coverage of agiven Landsat ground-
track occurs only every 8 or 9 days, and cloud
cover can obscure the river during some of these
passes. A particular ground location along the
waterway was imaged on successive days with
Landsat 1 through 3, but cloud cover frequently
obscured the ground on one or more of the days
(App.Q). Animage of the same location would not
be taken again by the same Landsat for 9 more
days. The Landsat 4 and 5 satellites take images of
the same location every 8 days because of their
orbital configurations, but the same cloud cover
problems exist.

Second, neither river ice nor all its types and
conditions arealways apparentonaLandsatimage
because the [FOV (i.e.. f~ - tprint) of the sensors is
sometimes too large. Each pixel brightness value




Table 2. Nominal coverage of each Landsat image of the Illi-

nois Waterway.

Landsat 1-3 Lamdsat 4.5

Path-row™ Approx. river miles Patl-rine Approx.river nules -
25-31  Lake Michiganto 195-180 22-31 Lake Michigan to 2099
24-31  Lake Michiganto 245-250 23-31 Lake Michigan to 198
2631 220-230to 160-170 23-32 2020133
25-32  200-190to 50-70 24-31 235t0 180
26-32  160-180 to 30-50 24-32 183t 53
25-33  50-70t0 () 2333 59 to U

26-33  35-55t00

* Images with the same path number were taken on the same dav.
&

on an image results from the reflected light inte-
grated over the entire footprint, and small ice fea-
tures and details within a footprint are not differ-
entiated. Sometimes a river channel itself is too
narrow to be clearly visible. The MSS [FOV is
approximately 260 by 260 ft and the width of the
channelbetween BrandonRoad and Lockport L&D
varies from about 300 to 450 ft, so the channel ap-
pears in only 1 to 1.5 pixels on an MSS image.
Upstream of Lockport L&D, the channel width
varies from about 170 to 350 ft, which is only 0.5 to
1.5MSS pixels. This resolution is too coarse for the
channel, no less the ice on it, to show distinctly on
MSSimages. Beginning in the 1979-80 winter, TM
images with a smaller IFOV became available and
these channels were more apparent because they
made up from 1.7 to 4.3 pixels on a TM image.
However, more Landsat MSS images have been
acquired since 1972 than images from the other
sensors withsmaller [IFOVs and were the most fre-
quently analyzed.

Third, theimages do notshow all the detail that
is detected by the Landsat sensors and, conse-
quently, it is not possible to differentiate as many
ice types and characteristics as may have been de-
tected. To get full use of the spectral and spatial
resolutions of theimagery data, computer analysis
of the data would be necessary. Limited fundsand
time made this approach impractical, since hun-
dreds of images were analyzed during this study.

The three drawbacks above caused the follow-
ing difficulties during Landsat image interpreta-
tion. First, along reaches with narrow channels
bordered by linearislands, it was difficult to deter-
mineif gray ice was presentorif the observed gray
tones resulted from shore effects. Second, numer-
ous adjacent lakes, channels and sloughs compli-
cated the patterns apparent along the waterway,
and snow cover frequently obscured the transition
from bank to ice, both of which made it difficult to

locate the main channeland todetermineifice was
present crnot. However, early in the winter, snow
occasionally enhanced the difference betweenland
and open, ice-free water, so the absence of ice was
more evident. Third, gray ice was frequently diffi-
cult to see when haze, thin clouds or partly cloudy
conditions existed.

Image interpretation and mapping

The IFOV and spectral resolution of Landsat
sensors are insufficient to show the differences
among ice conditions visible from low-altitude
aircraft (Gatto and Daly 1986, Gatto et al. 1986,
1987a,b), but show enough detail to differentiate
open water, gray ice that completely or partially
covers a water reaci, and white ice. Textures and
patterns within the tones were aiso apparent some-
times.

The primary characteristics that influence gray
tones forriver ice observed on Landsat images are
ice thickness, snow cover and mixtures of river
conditions, i.e., different ice types, open water
areas and various combinations of these, some of
whichare smallerin area than the [IFOV of Landsat
sensors. This is important because the principal
source of error in this study arises from the erron-
eous inferences one could make regarding the ice
conditions that Landsat gray tones represent. For
example, thinice in one scene may be transparent,
appear black, and be classified as open water. This
sameice cover viewed afteralight snowfall would
appear white.

To determine which types of riverice produced
the different tones, textures and patterns, I com-
pared ice conditions shown on low-altitude aerial
photographs to those visible on Landsat images.
Frommy comparisons, [ found that when theriver
appeared black onanimage and had nodiscernible
textures and patterns, the river was ice free (Fig. 2,
Al, A2, A9, A15).1tis possible, however, that thin




‘1861 PPHUN
2 AFOSSI-860LE ISV AGY (004f-201 24201 A1 ST SUN SAAAY (D) SIONUII] PUD () IAYUYUUY] (V) SOUI|] Sa] ] J0 aduvavaddv Yavp ‘panog-uang -7 aandi4




b. 5 miles below Peoria.

Figure 3. Low-altitude aerial photographs showing ice conditions Hat would appear
as gray ice, on Landsat images, 14 February 1984,

transparent ice that appears black from above cov-
ered part or all of the river in some instances. As
mentioned before, thinice such as this usually can-
not be distinguished from open water in Landsat
images.

Ice conditions that appear gray on Landsat im-
ages vary from fragmented ice (usually thin) with
large open areas to ice floes, pans or slush mixed
with open areas (Fig. 3). The gray Landsat tone of-
ten had a patchy or mottled appearance ¢r showed

textures or patterns (Fig. 4).* In some instances, it
was also possible to determine where the gray ice
completely or partially covered a river reach from
bank to bank (Fig. 5, A4, A10, A12, A13). This dis-
tribution was mapped when it could be observed.

When the river appeared white, or nearly white
(Fig. 6, A5, A6, Al4), sometimes with discernible

* Some subtle detail apparent on the original Landsat images
may not be obvious on these report reproductions.




a. MSS image 40572-16093 taken 8 February: Peoria Dani (A), open areas (B), gray ice with textures and patterns (C).

Figure 4. A Landsat image and acrial photographs (1, 2) of the sane area in 1984.




b. Low-altitude acrial photographs taken 14 February.

Figure 4 (cont'd).

textures or patterns, ice conditions varied from
solid or fragmented ice (usually thicker than gray
ice) with no open water to ice with scattered open
water areas that are smaller than sensor IFOV's.
These openings are fewer than those that occur
where a gray tone is observed. A white tone could
also mean that the river ice was snow-covered. A
navigation track in white ice can appear black if
the track is ice-free. More commonly, the track
appears gray because it is filled with slush ice,
brash ice or ice floes.

When I viewed Landsct images (9- by 9-in.
black and white f:lm positives) of the waterway on
a light table with 7-10 power magnifier, I trans-
ferred the upstream and downstream extent of
gray ice and white ice to base maps (App. D). The
lengths of river with open water, gray ice and
white ice within each pool were measured and
converted to percentages (App. C). The maps and
percentages are for ice conditions in the navigable
river portions of the waterway only.

Although ice on adjacent lakes, channels and




1982.

sloughs was obvious (Fig. 7), it was not included
onthe maps (App. D). Notations of the presence or
absence of ice on these adjacent areas are included
inthe remarks column of Appendix C. Itis possible
that someice observed in the navigable portions of

Tl
i
B b

" Ig’,.-
.

the waterway may have formed in these adjacent
areas and been transported into the river portions.
This is especially likely along the Illinois River,
from the confluence with the Mississippi River to
Starved Rock L&D, where adjacentlakes, channels




S R .o
a. MSS image 50338-16120 taken 2 February: Peoria Dam (A), LaGrange Dam (B), partial gray ice (C),
complete gray ice (D), white ice (E), navigation track (F).

Figure 6. A Landsat image and acrial photographs (1, 2, 3) of the same area in 1985.
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image 22173-15575, 3 January 1981.

Figure 7. Ice on adjacent lakes, channels and sloughs (A) while the navigation channel (B) appears open; MSS

11




and sloughs are numerous. Discussions of ice obser-
vations on the waterway and adjacent areas are in-
cluded in the next section.

RESULTS

I observed ice on the Illinois Waterway with
Landsat images during 10 of the 13 winters from
1972 to 1985 and each winter on the adjacent lakes,
channelsand sloughs. Thedates cited in thisreport
are the dates when ice was observed on Landsat
images. Built-in biases regarding the ice distri-
butions reported here are present because the en-
tirewaterway isseldom covered on Landsatimages
in one day, because clouds often covered portions
of the waterway on the same day, and because
there are large time gaps between sequential im-
ages. Consequently, some of the percentages of
areal distribution and timing of certain ice con-
ditions stated here are strictly dependentonimage
availability. Actual ice conditions could have been
different, i.e., the dates of Landsat observations do
not necessarily coincide with the dates wheniceon
the waterway may actually have first formed, was
atits maximum extent or was last observed. How-
ever, previous resuits of Landsat imagery analysis
(Gattoetal. 1987a) show that when Landsatimages
are available, they show ice 80% of the time when
the river water surface temperature is 0°C and it
can be conservatively assumed that river ice is
present.

This section describes the amount of ice ob-
served and air temperature (measured at Peoria,
Illinois) and river discharge (measured at Mere-
dosia, Illinois) conditions from 1 October to 31
March each winter. The temperatureand discharge

conditions prior to each Landsat observation are
givensothereadercandevelopasensefortherela-
tionship between regional air temperature, dis-
charge and the amount of ice observed.

Note thatin selecting the air temperature data
to be discussed (see Appendix E), I compared the
average daily air temperatures for Peru (National
Weather Service station 6753), Peoria (6711) and
Griggsville (3717), Illinois, from 1 October 1972 to
31 March 1973 (Fig. 8). It was clear that there was
very little difference in the average daily air tem-
peratures at these stations, and that the Peoria
temperatures were frequently the lowest on any
given day, so I simply used the air temperatures
for Peoria to determine regional air temperatures
and for calculating the Freezing Degree Days (FDD)
and Melting Degree Days (MDD).

Theice cover percentages cited for a particular
pool throughout this sectionare givenin Appendix
Cand are different from those givenin Table 3and
shownin Figure 9, whichapply to the entire water-
way, not individual pools.

1972-73

Ice was observed on 6 days this winter, butonly
4 days on the waterway (Fig. 9a). I first observed it
on 13 December, and it covered adjacent lakes and
38% of the waterway (Table 3) on the pools
downstream of Starved Rock L&D (Fig. D1). Gray
ice covered 29% of Peoria, 23% of LaGrange and
85% of the confluence pools on this date (App. C).
Theaveragedaily air temperatures had been mostly
below freezing since 15 November (Fig. E1) and
nearly 204 FDD had accumulated since 5 Novem-
ber (Table 4, Fig. 10a), so a substantial ice cover
was in place by 13 December. Mean daily dis-
charge in October was 28,460 ft'/s (Fig. El).

N W e O N
O O O O O O O
S m AR AR ANse ARy

Peru
f o——o Griggsville
E' o— — — = Peoria

Daily Average Air Temperature (* F)
=

o
T

'.],'--ﬁ.lnﬁv-ﬁrv. ..I

adaiag

_1O:L,.k.1 e L
| Oct | Nov | Dec

[ Jan

PO S NP |
[ Feb [ Mar [

Figure 8. Example comparative graph of air temperatures for the winter of

1972-73.




Table 3. Summary of ice distributions in the waterway (%) as observed on Landsat
images (percentages rounded to nearest whole percent).

Amount of Black Gray ice White

Date river visible (ice free) Partial Complete ice
1972-73
Firstice 13 December 96 58 33 5 0
Maximum extent 1January 76 0 28 48 0
of ice
Lastice 23 February 100 9 1 0 0
1973-1974
First icc and 14 January 55 20 2 13 0
Maximum extent
of ice
Last ice 17 February 13 12 1 0 0
1975-1976
Firstice 4 January 72 60 5 7 0
Maximum extent 22 January 51 0 27 24 0
of ice
Lastice 9 February 21 2 0 19 0
1976-1977
First ice 1 December 72 67 1 4 0
Maximum extent 11 February 100 32 4 21 43
of ice
Last ice 18 February 42 6 6 19 1
1977-1978
Firstice 26 November 84 82 2 0 0
Maximum extent 7 February 78 2 6 5 65
of ice
Last ice 25 February 36 0 2 4 30
1978-1979
First ice 9 December 79 52 19 7 1
Maximum extent 14 January 78 10 3 0 65
of ice
Last ice 10 March 77 58 7 12 0
1980-1981
First ice 3 January 60 42 15 3 0
Maximum extent 8 February 87 16 31 40 0
of ice
Last ice 18 February 3 0 1 2 0
1981-1982
Firstice 20 December 42* 25 13 4 0
Maximum extent 4 February 79 0 9 2 68
of ice
Last ice 3 March 42 39 0 0 3
1983-1984
First ice and 22 December 81 1 51 10 19
Maximum extent
of ice
Last ice 8 February 82 60 6 16 0
1984-1985
First ice 25 December 50 41 9 0 0
Maximum extent 2 February 83 0 15 W 38
of ice
Last ice 18 February 41 0 2 37 2

* Percentage of entire waterway (327.2 river miles). The rest of the values are percentages of the
waterway downstrcam of Brandon Road L&D (286 river miles).
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Figure 9 (cont'd). Extent of ice observed on the waterway with Landsat images from 1972 to 1985 (part is partial

and comp is complete).

Discharge in November rose from 27,700 ft*/s on
1 November to 42,400 ft*/s on 25 November (588
ft*/s per day). Discharge fell to 31,800 ft*/s on 12
December and averaged 34,400 ft3/s for the month.
Theserelatively low and stable discharges allowed
an ice cover to form and grow.

Maximum ice extent on the waterway was ob-
served on 1 January (Fig. 9a) when 76% of the
waterway had a gray ice cover. This ice covered
82% of the Peoria pool and 100% of the LaGrange
and the confluence pools. Nearly 330 FDD had ac-
cumulated by 1 January (Table 4) and discharge
was stable at around 32,000 ft*/s until 28 December
(31,300 ft*/s), when discharge began a rise that
peaked at 63,700 ft’/s on 9 January. This 13-day
rise in discharge (average 2700 ft*/s per day) ap-
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pears to have flushed much of the ice through the
waterway, because on 4 February (only 14% of the
waterway being visible) | observed noice exceptin
adjacent lakes, even though 216 additional FDD
had accumulated (Table 4).

Last ice on the waterway was seen on 23 Febru-
ary when gray ice covered only 1%, all on Starved
Rock L&D pool. An additional 367 FDD had ac-
cumulated since 1 January, but most of the ice on
the waterway was likely flushed through during
the high discharge in January, even though dis-
charge was falling at 993 ft* /s per day from 37,800
ft?/s on 17 February t0 22,900 ft/s on 4 March (Fig,
E1). The last ice in the adjacent areas was seen on
24 February.

Beginning in late February, air temperatures
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rose steadily and MDD increased rapidly through
March (Table 4, Fig. 10a). Discharge rose at 3557
ft'/s per day from 4 March to 18 March (72,700
ft'/s) and I saw no ice in March.

1973-74
Clouds frequently obscured the waterway on
days when Landsat images were acquired in De-
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cember, resulting in few usable images, although
I first observed ice on the adjacent lakes on 9 De-
cember (Table 4). On 5 December a 40-day period
of below freezing average air temperatures began
(Fig. E2) and 46.5 FDD had accumulated by 9 De-
cember. River discharge in October fluctuated dur-
ing the tirst half of the month, fell during the sec-
ond halfand averaged 18,930 ft'/s. Discharge dur-
ing November was stable and averaged 11,460 ft*/
s. On 3 December discharge (14,900 ft*/s) began a
5-day rise t0 29,100 ft* /s on 8 December, averaging
2480 ft*/s per day. This increase could have kept
ice moving through the waterway, while it was
able to form and be in place on the lakes by 9 De-
cember.

I observed ice on the waterway on two davs
(Fig. 9b), for the first time on 14 January; this was
also when the observed ice cover was at its maxi-
mum extent. The ice was gray and covered 35% of
the waterway (Table 3): 100% of the confluence
pool and 23% of the LaGrange pool (Fig. D2, App.
C). An additional 586.5 FDD had accumulated by
14 January (Table 4) and discharge (20,000 ft's)
was in a trough between peaks (Fig. E2), all of
which promoted ice growth. On 19 Januarv dis-
charge (24,100ft'/s) begana 15-day rise (4647 fts
per day), which peaked on 3 February (93,800
ft’s). Air temperatures were high, onlv 6.5 FDD
had accumulated since 14 January (Table 4), and
with the high flows there was noice tobe observed
on the waterway or lakes on 1 February; flooding
was apparent on the images.

Discharge dropped from 3to 22 February (44,800
ft'/s) and air temperatures were low, with 93 FDD
accumulating from 1 to 17 February. I saw ice on
the waterway for the last time on 17 February that
covered 14% of the Dresden Island pool (App. C),
which amounted to 1% of the waterway (Table 3).
Ice persisted until 26 March on the adjacent lakes,
but the 23-day discharge rise (926 {t*/s per dav)
from 22 February to 17 March (66,100 ft'/s), with
only 85.5 additional FDD after 19 February,
probably kept any substantial ice from reforming,

1974-75

Ice formed on adjacent lakes, sloughs and chan-
nels by 2 December after 26 FDD had accumulated
(Table 4). These areas are generally shallower,
have slower water currents and lower discharge
through them, so ice forms here earlier and lasts
longer. Ice commonly forms here when it does not
form in the main river channels. This ice was last
observed on 30 March.

This winter was the seventh coldest based on




Table 4. Accumulated degree-days on dates when Landsat observations were made.

Freezmg Melting Freezing Melting Freezing Melting
Date x{L‘SI't‘U-JNl(S" «Icsm'-dm/s’ Date degree-diays’ degree-days’ Dute tit‘Sh't'-ddllS' d('SI‘('z"lle/s"
1972-73 1976-77 1980-81
24 Nov 140 96.5 12 Nov 2600 240 9 Nov 0 92.0
13 Dec* 2035 114.5 i3 Nov 345 24.0 19 Nov 0 158.5
14 Dect 215 114.5 14 Nov 425 240 28 Nov* 9 188.5
1jan* 3295 135.5 30 Nov 124.0 87.5 29 Nov* 9.0 194.0
4 Feb® 545.5 246.0 1 Dec? 134.0 87.5 17 Dec* 8.5 205.0
23 Feb® av6.5 2615 2 Dect 154.5 87.5 25 Dect 168.5 295.0
24 Feb 696.5 2725 18 Dect 320 98.5 3Jan* 221.0 298.5
4 Mar 700.0 518.0 19 Do 322.0 108.0 1 jan* 247.5 298.5
30 Mar 700.0 666.5 20 Dec 333.5 108.0 20]Jan 466.5 315.0
31 Mar(Totah 7(0.0 666.5 6 Jan* 581.5 111.5 22 Jan® 471.0 317.0
7 lan* 611.0 1115 30 Jan* 500.5 345.5
1973-74 25 Jan® 1070.0 111.5 7 Feb* 630.5 345.5
7 Dec 335 M35 10 Feb* 13815 118.0 8 Feb* 650.5 3455
9 Dect 16.5 3435 11 Feb* 1381.5 124.0 9 Feb* 661.0 345.5
14]an" 633.0 3525 12 Feb* 1381.5 1315 18 Feb* 761.5 385.0
31 Jan* 634.5 408.0 16 Feb* 1413.0 136.5 25 Feb 761.5 452.0
1 Feb 6395 408.0 17 Feb* 1419.0 136.5 26 Feb* 761.5 159.4)
17 Feb* 7328 136.0 18 Feb* 1419.0 141.5 7 Mar* 772.5 488.5
19 Feb 7325 e 28 Feb* 1443.0 193.0 8 Mar* 7725 488.5
7 Mar* 778.0 024.0 1 Mar* 1447.0 193.0 15 Mar 7725 546.0
9 Mar 7780 655.5 Total 1448.5 590.0 17 Mar 7725 553.5
25 Mar* 818.0 713.5 Total 773.0 764.0
26 Mar* S18.0 732.0 1977-78
27 Mar S18.0 753.5 26 Nov* +4.0 221.5 1981-82
Total 818.0 788.0 15 Dec* 2825 2325 13 Nov \] 130.5
2 jan* 459.5 263.5 14 Nov 0 145
1974~-75 18 Jan® 7265 268.5 24 Nov 10.5 270.0
14 Nov /A 81.5 20 Jan* 755.0 268.5 10 Dec 19.5 3285
15 Nov 75 81.5 5 Feb* 10925 268.5 11 Dect 200 328.5
2 Dot 264 1588.5 o Feb* 11195 268.5 12 Dec 23.0 328.5
3 Dec* 38.5 158.5 7 Feb? 1145.0 268.5 20 Dec* 131.0 333.0
22 Dec? 103.0 191.0 24 Feb 1420.5 268.5 29 Doect 198.0 335.0
7Jan® 475 212.0 25 Feb” 14285 268.5 16 Jan* 537.0 3375
12 Feb® 466.4) 260.5 23 Mar* 1593.5 335.0 26 Jan* 688.5 337.5
13 Feb* 482.5 2605 Total 1596.0 414.5 2 Febt 750.0 337.5
21 Feb” 498.0 274.5 4 Feb 781.5 337.5
2 Mar* 536.5 2795 1978-79 3 Mar* 989.0 413.0
3 Mar* 549.5 2795 30 Nov 220 202.0 20 Mar 1060.5 536.0
4 Mar* S61.5 279.5 1 Dec 220 208.0 21 Mar 1060.5 540.5
13 Mar* 599.0 285.0 9 Dec® 99.4) 210.0 Total 1061.0 653.0
20 Mar* 601.5 350.4 10 Dec* 1225 210.0
21 Mar* 601.5 3749.0 17 Dec* 136.0 213.5 1982-83
22 Mar 601.5 395.5 18 Dec* 136.0 218.0 1Jan 138.5 515.0
30 Mar* 620.0 430.0 26 Dect 169.5 2215 13 Jan 161.0 530.5
31 Mar (Total)  620.0 443.0 27 Dec? 182.0 2215 21 Feb 361.5 629.5
4 Jan* 340.0 223.0 2 Mar* 363.5 710.0
1975-76 5]an 3745 2230 25 Mar 405.5 933.5
18 Nov 15 252.0 6 Jan* 108.5 223.0 Total 405.5 974.5
28 Nowv* 27.0 2845 14 jan* 621.0 223.0
6 Dect 39.0 341.5 22 Jan® 737.0 223.0 1983-84
16 Dec 69.5 386.0 24Jan* 762.0 223.0 22 Dec* 269.5 329.0
3 Jan* 186.5 387.5 | Feb 939.5 223.0 7 Jan* 579.5 3320
4Jan* 213.0 387.5 2 Feb* 959.0 2230 16 Jan* 700.0 332.0
12 Jan* 3415 387.5 Y Feb* 1161.0 223.0 I Feb® 917.5 339.0
21 Jan* 475.0 387.5 10 Feb* 1186.0 223.4) 8 Feb* 999.5 352.0
22 Jan* 483.0 387.5 19 Feb* 1348.5 223.0 11 Mar* 1094.0 536.5
29 Jan* 546.0 389.5 27 Feb* 13910 224.5 23 Mar 11280 560).6
30 Jan* 548.0 389.5 10 Mar* 1413.0 253.5 Total 1128.0 630.0
31Jan* 554.0 389.5 Total 1451.0 167.0
7 Feb* 677.5 389.5 1984-85
8 Feb* 679.0 389.5 1979-80 23 Nov 125 140.0
9 Feb* 679.0 3920 214 Nov 17 175.0 16 Dect 76.0 294.0
26 Feb* 684.0 552.0 13 Dec 88.5 2410 25 Dec* 122.0 320.5
27 Feb 681.0 573.0 14 Dec 95.0 241.0 26 Jan* 511.5 385.0
6 Mar 684.0 682.0 30 Dec 155.0 01.5 2 Feb? 661.0 385.0
7 Mar 685.0 682.0 31 Dec 155.0 303.5 18 Feb* 908.0 386.0
14 Mar 685.0 7235 11 Mar* 867.0 303.5 6 Mar 926.5 491.5
16 Mar 685.0 7345 Total 882.0 528.0 Total 926.5 831.5
23 Mar 691.0 813.5
24 Mar 691.0 827.5
25 Mar 691.0 851.0
Total 691.0 976.0

* Dates when ice was observed on the waterway or adjacent areas, or both.
tAccumulation starts on 5 November and total shown is on 31 March cach winter.
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the FDD/MDDratio. Air temperatures fluctuated
around freezing until 7 January when 147.5 FDD
had accumulated (Table 4). The rest of January to
13 March was cold and FDD were around 600 on
13 March when MDD began to accumulate more
rapidly (Fig. 10a). However, I never observed ice
on the waterway.

Tworises in discharge, 2467 ft*/s per day from
10 (19,200 f£/s) to 19 January (41,400 ft*/s) and
2107 ft*/s per day from 16 February (23,100 ft*/s)
to 3 March (54,700 ft*/s), may have retarded ice
growth enough so that an ice cover significant
enough to be visible on Landsat images was never
formed, or whatever ice that may have formed
was moved through the system. Also, the images
acquired from late December to early March usually
showed less than 20% of the waterway (Fig. 9¢)
and may not have shown the reaches that had ice.

1975-76

I first observed ice on adjacent lakes on 28 No-
vember (Table 4) but I first spotted ice on the
waterway on 4 January (Fig. 9d). The FDD accum-
ulated by those dates were 27 and 213 respectively.
Gray ice covered 12% of the waterway (Table 3),
but was apparent only on 45% of the Peoria pool
(App. Q). Discharge rose twice in December—
2328 ft*/s per day from 7930 (28 November) to
21,900 ft*/s (4 December) and 1300 {t*/s per day
from 15,600 to 27,300ft*/s (14 to 23 December) (Fig.
E4)—but was back to a mean of 13,500 ft*/s for
January, which, along with low temperatures (Fig.
10a, Table 4), promoted ice growth.

Maximum ice cover was observed on 22 Janu-
ary when gray ice covered 51% of the waterway,
all below Starved Rock L&D (Fig. D3). The ice
covered 8% of Peoria pool, 85% of LaGrange pool
and 92% of the confluence pool (App. C). Freezing
degree-days were at 483, 270 more than on4 Janu-
ary, and continued to accumulate rapidly until 7
February (Table4). Lastice was observed on 9Feb-
ruary when gray ice covered 19% of the waterway,
whichincluded 20% of Peoria pool and 51% of the
confluence pool (App. C).

After 9 February, air temperatures were gen-
erally above freezing and MDD accumulated rap-
idly (Fig. 10a), melting ice, and discharge rose
from 6 February (10,900 ft*/s) to 1 March (47,500
ft*/s) atarate of 1525 ft*/s per day, flushing ice. By
26 February ice was apparent only on adjacent
lakes. Discharge rose again for 9 days from 4
March (47,000 ft*/s) to 13 March (80,300 ft*/s) at a
rate of 3700 ft'/s per day, after which ice was no
longer apparent on the lakes.
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1976-77

Ice had formed on the waterway and adjacent
lakes by 1 December (Table 4, Fig. 9¢). Gray ice
covered 5% of the waterway (Table 3), with all of
itonPeoria pool (Fig. D4, App. C). Discharge from
1 October through December was low (Fig. E5)
with a mean of 6177 ft*/s. October and November
temperatures were generally near freezing (Fig.
E5) and 134 FDD had accumulated by 1 December
(Table 4). These conditions promoted the early ice
growth.

Temperatures were generally below freezing
through December and by 6 January an additional
447.5 FDD had accumulated and white ice was
apparent in the waterway (Fig. 9¢). January tem-
peratures continued below freezing and by 25
January 488.5 FDD had accumulated. The two 5-
day rises in discharge, 1378 ft*/s per day (8110 ft*/
son4January to 15,000 ft*/s on 9 January) and 760
ft*/s per day (11,200 ft'/s on 14 January to 15,000
ft*/s on 19 January) apparently did not break the
ice cover and move ice through the system.

The low temperatures (1381.5 FDD) and low
discharges (about 8000 ft*/s) continued into Feb-
ruary, and [ observed the maximum ice extent on
the waterway on 11 February. White ice covered
43% of the waterway and gray ice 25%. All the ice
was below Dresden Island Dam (Fig. A1, A2, D4).
The 5-day increase in discharge, 1080 ft*/s per day
(7000 ft*/s on 10 February to 12,400 ft*/s on 15 Feb-
ruary), did not break up the ice.

Gray (25%) and white (11%) ice were present
when I last observed ice on 18 February. Only the
downstream pools were shown on the image, and
white ice covered 30% of LaGrange pool and 11%
of the confluence pool; gray ice covered 89% of the
confluence pool (App. C). On 18 February, dis-
charge (8740 ft*/s) began a 4-day rise, 3115ft*/s
per day, to 22 February (21,200 f£'/s), and the
MDD began to accumulate faster than the FDD
(Table 4). On 1 March (Fig. 9e) when all the
waterway was visible, no ice was apparent except
on adjacent lakes.

1977-78

Landsat showed ice on the waterway and adja-
cent lakes first on 26 November (Fig. 9f); 44 FDD
had accumulated by then (Table 4) and discharge
was falling (385 ft*/s per day) from 19,100 ft*/s on
19 November (Fig. E6), so this early ice is not too
surprising. The gray ice (Fig. A3) covered only 2%
of the waterway (Table 3) and was present only on
the Peoria pool (Fig. A3, D5, App. O). By 15 De-
cember at least 28% of the waterway was ice-cov-




ered and nearly 70% was covered on 20 January
(Fig. 9f). Air temperatures averaged well below
freezing for most of January (Fig. E6) and 472.5
FDD had accumulated since 15 December (Table
4). Discharge rose twice in December, 1180 ft*/s
per day from 2 December (14,100 ft*/s) to 7 De-
cember (20,000 ft*/s), and 3700 ft*/s per day from
13 December (15,000 ft*/s) to 18 December (33,500
ft'/s), but had no apparent effect on the ice cover.
Discharge was staple at 11,000 ft*/s by 20 January.

I observed the maximum ice extent on 7 Febru-
ary when 11% of the waterway had gray ice and
65% had white(Table 3). Allof this ice was observed
below Starved Rock L&D (App. C). Between 20
January and7 February, 390 FDD had accumulated
and discharge remained stable (Fig. E6) so ice
growth was widespread (Fig. A4 and A5).

Discharge remained stable for the rest of Febru-
ary and the mean for the month was 9457 ft*/s. Air
temperature averaged well below freezing for the
last half of February and 283.5 more FDD accuni-
ulated since 7 February. The last ice observed on
the waterway on 25 February was gray and white,
and covered 6% and 30% of the waterway respec-
tively. By 23 March FDD were 165 higher but dis-
charge incrcased for 18 days at 3022 ft*/s per day
from 13 March (11,000 ft'/s) to 31 March (65,400
ft*/s), so that by 23 March I observed no ice on the
38% of the waterway above Peoria L&D shown on
the Landsat image (Fig. 9f, App. C). Ice was still on
the adjacent lakes on 23 March, however.

1978-79

Discharge fluctuated by 6500 {t* /s in December
but was generally stable up to 19 February. Mean
monthly discharges were: 7348 ft'/s in October,
7112 ft*/s in November, 8244 ft*/s in December
and 8751 ft/s in January. Air temperatur < were
generally below freezing during the last week of
November and during early December (Fig. E7)
and by 9 December 99 FDD had accumulated
(Table 4). On 9 December, 79% of the waterway
was visible on animage and 27% was covered with
ice—26% gray and 1% white (Fig. 9g, Table 3).
Most of the waterway below Brandon Road L&D
had some ice cover.

On about 1 January, FDD began to accumulate
at a rate of about 25 per day. By 14 January, 522
FDD had been added since 9 December and the
maximum observed extent of ice cover was meas-
ured: gray ice covered 3% and white ice 65% of the
waterway (Fig. A6). Ice was present on all pools
downstream of Brandon Road L&D (Fig. D6). The
rest of January and February continued with sub-
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freezing average temperatures (Fig. E7, 10b) and
by 27 February 1391 FDD had accumulated (Table
4). White ice was observed on many days (Fig. 9g)
and was last seen on 19 February.

Thelastusable Landsatimage taken on 10March
showed gray ice on 19% of the waterway, only on
the LaGrange pool. Temperatures had risen to
near freezing after 1 March, there were only 22
FDD and 29 MDD betwec.1 27 February and 10
March (Table 4), and the amount of ice cover
clearly decreased from 19 February to 10 March
(Fig. 9g). Discharge alsobegan torise in three steps
on 19 February (Fig. E7): 3175ft'/s per day froz.
6600 (19 February) to 32,000 ft'/s (27 February),
4654ft*/s per day from 27,100 (1 March) to 87,600
f£'/s (14 March), and 1340 ft'/s per day from
87,600 (14 March) to 101,000 ft*/s (24 March). This
large increase in discharge flushed ice through the
waterway, contributing to the small amount of ice
observed on 10 March.

1979-80

The only Landsat images cioud-free enough to
be usable were taken in December and March (Fig.
9h). I did not see ice on the waterway on any of
these, but I did see it on adjacent lakes on the 11
March image (Table 6). It is likely that ice was
present on the waterway and the lakes in January
and February because this winter was colder than
six other winters, during four of which ice was
observed, and discharge was low, varying between
11,900 and 6200 ft*/s during most of January and
February (Fig. E8).

Air temperature remained above freezing for
most of November and much of December (Fig.
E8). On 31 December there were 155 FDD and
303.5 MDD, so it’s not surprising that ice was not
apparent on the December images. Also, coupled
with the generally warm weather, discharge
fluctuated frequently in December and rose at
3280 ft*/s per day from 24 to 29 December, which
may have kept anice cover that could be visible on
Landsat images from forining.

Although by 11 March 867 FDD had accum-
ulated, discharge rose sharply at 2740 ft'/s per day
from 19 February (6200 ft'/s) to 24 February (19,900
ft'/s) and at 5150 ft*/s per day from 10 March
(14,900 ft*/s) to 12 March (25,200 ft*/s). These dis-
charges could have flushed ice from the waterway,
leaving only adjacent lakes with an ice cover.

That I did not observe ice on the waterway this
winter with Landsat is a result of inadequate
Landsatimage coverage, whichleads to misleading
conclusions regarding ice conditions. The FDD




total during this winter was the seventh highest,
the MDD was the fourth lowest and discharge was
low most of the winter. It is very likely that ice
formed on the waterway this winter, but the images
were too few (six), were acquired at the wrong
time (1 in November, 4 December, 1 March) and
did notcover enough of ihe waterway (fourimages
covered less than 25% each) to observe the ice.

1980-81

Daily air temperatures in November and early
December averaged above freezing such that net
FDD did not begin to increase significantly until
mid-December (Fig. E9, 10b, Table 4) and dis-
charge rose at 3550 ft*/s per day from 7 December
(10,200 f£*/s) to 11 December (24,400 ft*/s). These
conditions are not conducive to ice formation on
the waterway, although ice was observed on lakes
and backwater areas as early as 28 Noveraber.
Landsat first showed ice on the waterway on 3
January (Fig. 91), after 221 FDD had accumulated.
This first ice covered 18% of the waterway (Table
3) mostly on the middle pools (Fig. D7).

By 22 January there were 250 more FDD and I
observed white ice on parts of the waterway (Fig.
D?7). After a 2-day rise of 2280 ft*/s per day, ending
on 1 January, discharge remained at about 6000
ft*/s until 20 January, low enough to allow a sub-
stantial ice cover to form. Discharge increased

gam at 1380 ft'/s per day from 20 January (6000
ft*/s) to 25 January (12,900ft*/s), while 29.5 FDD
and 28.5 MDD accumulated from 22 to 30 January
(Table 4). The increased discharge during a time
when air temperatures were not too low could ac-
count for the reduced amount of ice cover observed
from 22 January (50%) to 30 January (5%) (Fig. 9,
A8,D7). However, some of this observed reduction
may simply be attributable to less of the waterway
being visible on images because of clouds and
some ice that may have existed not being observed.

By 8 February when the observed ice cover was
atits maximum extent, gray ice covered 71% of the
visible waterway. There were 179.5 more FDD
than on 22 January (Table4) and discharge was
5000 ft*/s and had been in a stable trough for 4
days.

I observed no ice on the waterway after 18 Feb-
ruary, although ice was on the lakes on 8 March.
Only 11 FDD accumulated from 18 February to 7
March (Fig. A9) and a rise in discharge from 15
February (4570 ft‘/s) to 20 February (22,500 ft*/s)
averaged 3586 ft'/s per day. Little, if any, additional
ice would have formed, and it would have moved
through the waterway leaving only thelakeiceap-
parent.
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1981-82

Daily average air temperatures were generally
above freezing in November and early December
(Fig. E10) and on 12 December only 23 FDD had
accumulated (Tablie4). The 12-day riseindischarge
from 21 November (10,000 ft*/s) to 3 December
(24,500 ft*/s) averaged 1208 ft* /s per day and may
have contributed to retarding ice cover growth.
On 20 December (Fig. 9, Table 3) ice was first ob-
served on the waterway and 131 FDD had accum-
ulated. Gray ice (Fig. A10) covered 17% of the
waterway that was visible, but was seen only
above Peoria Dam(Flg D8, App. Q). Discharge re-
mained below 15,000 ft*/s for the rest of December
(Fig. E10) and below 22,000 ft'/s in January. Tem-
peratures continued below freezing through De-
cember (Fig. E10) and January.

By 29 December white ice was apparent and [
measured the maximum ice cover on 4 February
when 79% of the waterway had ice, 68% white and
11% gray. Ice was present on Peoria, LaGrange
and Confluence pools. There were 781.5 FDD ac-
cumulated by 4 February and they continued to
accumulate rapidly to 20 March (1060.5 FDD). Dis-
charge was relatively stable and remained less
than 20,000 ft*/s from 1 February to 15 February.

On 16 February, discharge (16,000 ft*/s) rose
sharply (5600 ft'/s per day) until 27 February
(77,600 ft*/s). Temperatures rose to above freezing
in mid-February and remained near freezing until
early March (Fig. E10). Last ice on the waterway,
covering 3% of it, was observed on 3 March on the
Peoria pool. Discharge rose 3525 ft'/s per day
from 60,700 f£*/s on 13 March to 103,000 ft*/s on 25
March, while temperatures rose above freezing
and MDD accumulated rapidly (Table 4).

1982-83

This was the warmest winter of the 13. Only
405.5FDDaccumulated, while974.5 MDD accumu-
lated. 1 did not observe ice on the waterway (Fig.
9k), but I did see it on adjacent lakes on 2 March
(Table 5). Dlscharge rose from 6100 ft*/s on 1 No-
vember to 32,600 ft*/s on 2 December (855 ft' /s per
day) and from 30,100 {t'/son 4 December to 112,000
ft'/s on 12 December (10,238 ft*/s per day), fell
from 12 December to 1 February (19,500 ft'/s),
fluctuated between 27,700 ft*/s and 19,500 ft'/s
through February to mid-March, and rose from
21,200 ft*/s on 19 March to 36,300 ft'/s on 29
March (1510 ft*/s per day). This peak discharge
(the highest that occurred during the 13 winters)
and the other high discharges and the high tem-
peratures this winter kept ice from forming on the
waterway.




1983-84

This was the fourth coldest winter of the 13. Air
temperatures in December were generally at or
below freezing (Fig. E12) and Landsat showed
extensive ice on the waterway and lakes on 22
December when 269.5 FDD had accumulated (Fig.
91, Table4). Gray ice covered 61% of the waterway,
white ice 19% (Fig. A12, A13, Table 3). This was
also the maximum extent of ice observed on Land-

sat images during the 1983-84 winter. The ice was
seen only below Marseilles L&D (Fig. D9); the im-
age did not cover upstream of the Starved Rock
Dam pool (App. C). Discharge rose 3325 ft*/s per
day from 10,200 ft*/s (22 November) to 23,500 ft*/
s (26 November), 300 ft*/s per day to 10 December
(27,700 ft*/s),and 1133 f£*/s per day to 19 December
(37,900 £6%/s) (Fig. E12). On 22 December, discharge
was 33,600 ft*/s and falling at 995 /s per day.

- ;,;»‘r G 7__”»"%."

Figure 11. Highwater (A) along the lllinois River between Peoria and Starved Rock Dams—ice is gone
or flooded and not visible; TM image 50022-16091, 23 March 1984.




Temperatures in January were primarily below
freezing and 917.5 FDD had accumulated by 1
February (Table 4). White ice was observed twice
inJanuary (Fig.91) and oncein February (Fig. A14).
One would expect maximum ice to be apparent in
mid-January or early February, but the images ac-
quired then covered only 17 and 51% of the water-
way (Fig. 91), so I could not observe much of the
cover that would likely be present.
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The last ice I observed on 8 February (999.5
FDD) was gray and covered 22% of the waterway;
all of this ice was downstream of the Starved Rock
L&D (Fig. D9). Discharge fell 995 ft*/s per day
from 37,900 ft*/s (19 December) to 17,000 ft*/s (9
January) and 208 ft*/s per day from 9 January to 3
February (12,000 ft3/s), and rose 789 ft3/s per day
from 3 to 12 February (19,100 ft*/s). From mid-
February to early March, an additional 94.5 FDD
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Figure12. Extensive ice cover on 26 January 1985; white ice (A), openareas (B), partial gray ice (C)and Peoria

Dam (D); TM image 50331-16055.
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accumulated but 184.5 MDD were also added
(Table 4), causingerosion of theice cover. Discharge
rose 3683 ft>/s per day from 12 to 24 February
(63,300 ft*/s) then fell to 30,500 ft*/s by 15 March
(Fig. E12). These high discharges and high temper-
atures would nearly ensure that mostice visible on
the waterway on a Landsat image would be gone
by 11 March, and, indeed, I observed ice only on
adjacent lakes on that date. By 23 March no ice was
apparent on the lakes and the image (Fig. 11)
showed high water. Discharge was at 58,200 ft*/s
on 23 March and was rising at 3742 ft*/s per day
from 16 March (30,800 ft*/s ).

1984-85

Daily air temperatures in November ge1  'ly
averaged above freezing (Fig. E13). In Decenu
more days averaged below freezing, although by
25 December only 122 FDD had accrued while
320.5MDD had accumulated. Discharge fluctuated
between 25,500 ft*/s (1 November) and 10,900 ft7s
(15 November) the first half of November, remained
stable with fluctuations of less than 4500 ft*/s until
14 December (12,100 f£/s), and fluctuated to 23,000
ft*/s (23 December) until 29 December. I saw ice on
the Jakes on 16 December but didn’t observed any
on the waterway until 25 December (23,000 fe/s)
when gray ice covered 9% of it (Fig. 9m, Table 3),
only on the Peoria pool (Fig. D10, App. Q).

January and the first half of February were cold
and an additional 786 FDD days accumulated by
18 February (Table 4). Discharge rose 4400 ft*/s
per day from 29 December (16,000 ft*/s) to 2 Jan-
uary (33,600 ft*/s) and 400 /s per day from 2 to
11January (37,200 f£*/s ), and fell to 10,000 ft*/s by
6 February where it remained until 15 February
(Fig. E13). Extensive white ice was apparent on the
waterway on 26 January (Fig. 12, A15). By 2 Feb-
ruary, 83% of the waterway was ice covered, 45%
gray, 38% white (Fig. A16). All pools downstream
of Starved Rock L&D had ice at this time.

I1astobserved ice on the waterway and adjacent
lakes on 18 February, when gray ice covered 39%
and white ice 2% of the waterway (Fig. 9m, A17).
Only the two downstream pools were visible on
this image. Discharge rose 8900 ft*/s between 15
February (10,000 ft*/s ) and 16 February (18,900
ft/s) then rose 4823 ft*/s per day from 13,900 ft*/
s (19 February) to 12,000 ft/s (13 March) (Fig.
E13). Alsy, from 18 February to 6 March, only 19.5
FDD but 105.5 MDD accumulated (Table 4), so
that, by 6 March, no ice was apparent on the
waterway or the lakes. There were no more FDD
and discharge remained above 65,400 /s through
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March. Itis virtually impossible thatany additional
ice formed under these conditions.

DISCUSSION

Landsat images showed ice on the Illinois
Waterway during 10 of the 13 winters from 1972 to
1985 and during all winters on adjacent lakes,
channels and sloughs. Large variations in FDD,
MDD and flows were typical during and between
these winters (Fig. 13, 14, Table 5). Since it is the se-
quence and timing of air temperature and river
discharge conditions that play the major roles in
the formation and breakup of river ice, it was not
surprising that I found the variety of ice cover
conditions that I did.

Low temperatures usually produce extensive
ice covers, although the areal extent of a cover is
often tempered by discharge and its rate of change.
Low temperatures during periods of low discharge
will generally produce the most extensive ice.
Cold during high discharge will usually resultina
smaller ice extent (could be thicker where it per-
sists) or, if discharge is large enough, no cover at
all. Rapid increases in discharge can also break up
an established ice cover. Of course the degree of
breakup depends on ice thickness and strength,
rate and magnitude of an increase in discharge,
and air temperatures preceding and at the time of
the increase (Ferrick et al. 1988). In addition, many
other factorsincluding thermal inputs to the water-
way, sewage outfalls, solar radiation and winds
and area of open water influence ice formation,
growth and breakup on the waterway.
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Figure 14. Monthly flow volumes (f¥s -days) eaclt year.

For this study, possible relationships between
these other factors and ice conditions were not
analyzed because the ice data collected by Landsat
image interpretations are not sufficiently complete
and accurate for such a detailed analysis. However,
I reasoned that the percentages of first ice,
maximum ice and last ice cover and the number of
days between first and last ice observed would be
dependent on accumulated FDD, the FDD/MDD
ratio or the total flow volume. Scattergrams of
combinations of these variables show that there is
generally no linear relationship between most of
them, yet weak relationships are suggested on
some of the scattergrams (App. F).

One of the reasons why these data show such
poor relationships is that the sequence and timing
of air temperature and discharge determine ice
conditions and changes in them, but the data used
for the independent variable in the regressions
were averaged over a large portion of the winter,
which included periods when freezing tem-
peratures were not persistent or discharge was
variable. Another reason is the quality of the
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Landsat-derived ice data. It is not possible for
Landsat to acquire images of the entire waterway
frequently enough to develop a more complete
picture of ice conditions and changes, and,
therefore, to determine a detailed ice regime for
the waterway. Cloud cover and the time gaps
between successive images of the entire waterway
are the main impediments to accomplishing this.

To see if correlations were better for periods
when freezing temperatures prevailed, I used the
total number of days between the dates of firstand
last ice observed on the waterway as the depend-
ent variable, i, and the freezing period (P'.), which
is the length of time in days during which FDD ac-
cumulated, as the independent variable, x. When
data from all winters are used (1 = 13) the " was
0.069 (Fig. 15a). However, the ice data for 1974-75
and 1979-80 acquired through interpretation of
Landsat images are likely inaccurate for reasons
previously discussed, <7 by dropping data for
these two years (11 = 11) .ae r* becomes 0.676 (Fig.
15b).

This is clearly an improvement over the results




Table 5. Summarized air temperature, discharge and ice conditions.

5 Nov-31 Mar

Annual accunudated Percentage Disclarge Days betiween
ice degree-days of waterweay couditions first and last ice
conditions Freezing®  Melting* Date ice-covered (1 Oct=-31 Mar) Waterieay  Lakes
1972-73 700.0 666.5 7,214,800 £t/ - davs 72 73
First-lakes 203.5 1145 13 Dec — 32,100 ft'/s; stable trough
First-waterway 203.5 1145 13 Dec 38 32,100 ft*/s; stable trough
Maximum-waterway 3295 135.5 1Jan 76 10,400 ft¥/s; rising at
2494 ft*/s per day
Last—waterway 696.5 216.5 23 Feb 1 30,800 ft*/s; falling at
993 ft*/s per day
Last-lakes 696.5 2725 24 Feb — 29,800 ft*/s; falling at
993 ft*/s per day
1973-74 818.0 788.0 6,575,060 ft*/s - days 34 107
First-lakes 16.5 3435 9 Dec —_ 28,800 ft3/s; peak
First—waterway 633.0 3525 14 jan 35 20,000 ft*/s; trough
Maximum-waterway  633.0 3525 14 Jan 35 20,000 ft*/s; trou gh
Last—waterway 7325 436.0 17 Feb 1 54,900 ft*/s; falling at
2579 ft*/s per day
Last-lakes 818.0 732.0 26 Mar — 54,400 ft*/s; falling at
1336 ft*/s per day
1974-75 620.0 1330 1,231,770 ft'/s - days 0 91
First-lakes 26.0 158.5 2 Dec — 10,500 ft*/s; rising at
226 ft*/s per day
First-waterway Noice observed on waterway
Maximum-waterway Noice observed on waterway
Last-waterway Noice observed on waterway
Last-lakes 620.0 430.0 30 Mar —_ 37,700 £t /s; rising at
2067 ft*/s per day
19757 691.0 976.0 4,336,790 ft*/s - dav 36 90
First-lakes 27.0 2845 2Nov  — 7930 ft*/s; stable
First-waterway 213.0 387.5 4Jan 12 13,100 ft*/s; stable trough
Maximum-waterway  483.0 3875 22Jan 51 15,500 ft*/s; falling at
2160 ft*/s per day
Last-waterwav 679.0 3920 9 Feb 19 14,000 ££3/s; rising at
1525 ft*/s per day
Last-lakes 681.0 5520 26 Feb — 44,800 ft*/s; rising at
1525 ft'/s per day
1976-77 14485 590.0 1,728,540 it /s - days 80 91
First-lakes 1340 87.5 1 Dec — 7000 ft'/s; stable
First-waterway 134.0 87.5 1 Dec 5 7000 ft3/s; stable
Maximum-waterway 13815 124.0 11 Feb 68 9350 ft*/s; rising at
1080 ft*/s per dav
Last-waterway 1419.0 1415 18 Feb 3o 8740 it*/s; rising at
3115 ft*/s per dav
Last-lakes 1447.0 193.0 1 Mar — 17,000 ft*/s; falling at
519 ft*/s per day
1977-78 1596.0 4145 4,181,000 ft*/s + days 91 117
First-lakes 440 215 26 Nov — 16,200 ft*/s; falling at
385 ft'/s per day
First-waternwvay 410 2218 26 Nov 2 16,200 ft*/s; falling at
385 ft*/s per dayv
Maximum-watenivay  1145.0 268.5 7 Feb 76 8600 £t¥/s; stable
Last-waterway 14285 2685 25 Feb 36 9800 ft*/s; stable
Last-lakes 15935 3350 23 Mar —_ 44,500 ft*/s; rising at
3022 ft*/s per day

* FDD/MDD ratio = freezing degree-days/ melting degree-days.

t From Figure 10.
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Table 5 (cont’d).

1 Oct-31 Mar
degree-days Freezingt Meltingt
Freezing Total Intensity Period Rate Intensity Period Rate
First Last Total  melting (net FDD) (days) (net FDD/day) (net MDD) (days)  (net MDD/day)

190ct 27Feb 7010 1279 529 81 6.53 407 37 11
6Nov 21 Mar 818.0 1623 652 84 7.76 290.5 32 9.08
13Nov 30Mar 6200 1197 458 104 4.43 139.5 17 8.21
13Nov 18 Mar 6910 18075 621 56 11.09 574.5 52 11.05
7Nov 2Mar 14485 10985 13235 87 15.21 433 38 11.39
12Nov 25Mar 15960 11280 15325 114 13.44 135 13 10.38
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Table 5 (cont’d). Summarized air temperature, discharge and ice conditions.

Annual
ice
conditions

1978-79
First-lakes

First-waterway

Maximum-waterway
Last-waterway

Last-lakes

1979-80

First-lakes
First-waterway
Maximum-waterway

Last-waterway
Last-lakes

1980-81
First-lakes
First-waterway

Maximum-waterway
Last-waterway

Last-lakes

1981-82
First-lakes

First-watcerway
Maximum-wateriwvay

Last-waterway
Last-lakes
1982-83
First-lakes

First-waterway
Maximum-waterway
Last-waterway
Last~-lakes

1983-84
First-lakes

First-waterway
Maximum-waterway
Last-waterway

Last-lakes

5 Nov-31 Mar

accumulated
___ degree-days
7Frz’t1:_1'ix‘\{* mlr\/iif-lting‘ o

1451.0 467.0
99.0 210.0
99.0 210.0
621.0 223.0
1413.0 2535
1413.0 253.5
882.0 528.0
867.0 303.5

No ice observed on

No ice observed on

No ice observed on
867.0 303.5
773.0 764.0
9.0 188.5
221.0 298.5
650.5 345.5
761.5 3854
7725 488.0
1061.0 653.0
20.0 328.5
1310 333.0
781.5 337.5
989.0 413.0
989.0 413.0
405.5 974.5
363.5 710.0

No ice observed on

No ice observed on
No ice observed on
363.5 710.0
1128.0 630.0
269.5 329.0
269.5 329.0
269.5 329.0
999.5 352.0
1094.0 536.5

Percentage
of waterway
ice-covered

Dnh’

9 Dec
9 Dec

14 Jan
10 Mar

10 Mar

11 Mar
waterway
waterway

waterway
11 Mar

28 Nov
3Jan

8 Feb
18 Feb

8 Mar

11 Dec
20 Dec
4 Feb

3 Mar
3 Mar

2 Mar
waterway
waterway

waterway
2 Mar

22 Dec
22 Dec
22 Dec
8 Feb

11 Mar

68
19

17

79

80

80

* FDD/MDD ratio = freezing degree days/melting degree days.
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Discharge
conditions
(1 Oct=31 Mar)

3,637,120 ft3/s - days
8180 ft3/s; falling at
1292 /s per day
8180 ft*/s; falling at
1292 ft*/s per day
11,000 ft*/s; peak
69,900 ft3/s; rising at
1654 ft'/s per day
69,900 ££3/s; rising at
1654 ft*/s per day

2,165410 f6*/s - days
18,200 ft*/s; rising at
5150 ft*/s per day

18,200 ft*/s; rising at
5150 ft*/s per day

2,327,270 ft*/s - days
7800 ft*/s; stable
13,000 ft*/s; falling at
1171 1%/ per day
5000 %/ s; stable trough
11,300 ft*/s; rising at
3586 ft*/s per day
26,700 ££/3; falling at
267 /s per day

5,352,840 ft*/s - days
16,800 ft*/s; falling at
520 ft*/s per day
10,200 £t} /s; falling at
789 /s per day
19,000 f£/s; falling at
444 £t/s per day
77,500 ft*/s; peak
77,500 ft*/s; peak

6,140,300 ft*/s - days
25,900 ft*/s; falling at
443 ft}/s per day

25,900 ££/s; falling at
43 ft*/s per day

4,655,960 ft*/s + days
33,600 £6/s; falling at
995 ft'/s per day
33,600 £t3/5; falling at
995 ft*/s per day
33,600 f£/s; falling at
995 ft'/s per day
15,800 ft%/s; rising at
789 ft'/s per day
35,600 ££*/s; falling at
1621 ft*/s per day

Days between
first and last ice

Waterieay

91

Q

46

73

0

48

Lakes

91

100

82

80




Table 5 (cont’d).

1 Oct-31 Mar
degree-days Freezing' Melting'

Freezing Total Intensity Period Rate Intensity Period Rate
First Last Total  melting (net FDD) (days) (net FDD/day) (net MDD) (days)  (net MDD/day)
20Nov 25Mar 1451.0 11895 1369 109 12.56 190.5 16 11.91
10Nov 15Mar 8820 11885 696.5 108 6.45 166 17 9.76
24Nov 18Mar 773.0 13735 675 68 9.93 407 45 904
230ct 27Mar 10620 14375 965 91 10.60 2395 22 10.89
SNov 25Mar 4055 17480 236 46 513 3945 47 8.39
12Nov 19Mar 11280 14355 956 72 13.28 1495 52 288
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Table 5 (cont’d). Summarized air temperature, discharge and ice conditions.

Anmial
ice

comditions

1984-85

First-lakes
First-waterway
Maximum-waterway
Last-waterway

Last-lakes

* FDD/MDD ratio = freezing degree days/melting degree days.

+ From Figure 10.
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Figure 15. Correlation between freezing period and number of days between first and last observed ice on the
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Table 5 (cont’d).

1 Oct=31 Mar
degree-days Freezingt Meltingt
Freezing Total Intensity Period Rate Intensity Period Rate
First Last Total  melting (net FDD) (days) (net FDD/day) (tiet MDD) {days) (et MDD/day)
11 Nov 6Mar 9265 1673.0 784.5 50 15.69 432 40 10.8

of the previous correlations (App. F), but not as
strong as] expected because therelationshipis not
that simple. Intuitively, I would reason that the
length of time thatice would remainonariverisa
direct function of the length of a freezing period in
that more ice would form during longer freezing
periods and remain longer. However, the severity
of the freezing during that period would also in-
fluence the amount of ice formed and, therefore,
how long an ice cover would stay on a river. So |
would expect correlations without multiple inde-
pendent variables to be weak because they don't
“model” the physical world.

In this light, I did a multiple linear regression
using the total number of days between the dates
of first and last ice observed on the waterway as
the dependent variable, z, and two independent
variables P_as x and the average rate of freezing
during P, as . The r * for this correlation is 0.821 (z
-48.653 + 0.906x + 2.166y; n = 11). This multiple

regression did not include a discharge factor. Dis-
charge at the time of interest for a particular ice
condition is usually secondary to temperature ex-
cept when discharge is extremely high, and the
average discharge during P, would not be specific
enough.

I present the following observations in an at-
tempt to characterize the ice regime on the Illinois
Waterway as determined from Landsat images,
air temperatures and discharge.

1. Extensive (Fig. 16) and long-lasting (Fig. 17)
ice covers formed on the waterway during 1976-77,
1977-78,1978-79 and 1981-82, when the maximum
extent of observed white ice was 43, 65, 65 and 68%
of the waterway respectively. Gray ice covered 25,
11, 3 and 11% of the waterway at the same time.
Maximum observed ice covered more than 50% of
the waterway 69% of the remaining winters, and
less tivan 50% fu1 o170 oi the winters (Fig. 16).

2. I observed the most extensive ice during
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Figure17. Period between first and last ice observed on the waterway with Landsat

images.
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1984-85 when 83% of the waterway was covered
with 38% white ice. This winter had one of the low
FDD/MDD ratios for the November-March peri-
od, 1.11 (Fig. 18a), but the highest FDD /MDD ratio
and rate of freezing during the freezing period
(Fig. 18c, 18e), and the fourth highest total flow
volume, 5.52 x 10° ft*/s - day (Fig. 19). However,
most of the flow occurred in March, which is at the
end of the normal ice season (Fig 14c¢).

3. Of the winters with 700 or more accumulated
FDD, 80% saw more than 60% of the waterway ice
covered when the cover was at its observed
maximum. Exceptions were 1973-74 and 1979-80.

4. The FDD/MDD ratio on the date of fisst ice
was greater than 1 for 30% of the winters, between
0.5to1for30%, and less than 0.5 for40%, suggesting
no relationship (Fig. F4). Once FDD start accumu-
lating, firstice was observed befcre 30% of the total
net FDD had accumulated during 80% of the
winters. The FDD /MDD ratio was greater than 1
when maximum ice was observed 90% of the time,
but was extremely variable (Fig. F5). In 70% of the
winters, the maximum ice observed by Landsat
was detected before 75% of the total net FDD had
accumulated for the winter. The FDD /MDD ratio
was always greater than 1 when last ice was ob-
served. Last ice was observed during 70% of the
winter after 90% of the total net FDD had ac-
cumulated.

5. Ifirst observed ice on the waterway usually
in early to mid-December, and it was gone by
middle to late February, although these times are
quite variable. The earliest first ice was on 26 No-
vember 1977, the latest was on 14 January 1974; the

[o+]
) x
-
o
[=2]

» 2]

Total Flow Volume (ft s o day
N

o

Figure 19. Total flow volume (fY]s - days), 1 October to
31 March each winter (see Table 5).
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earliest last ice was on 8 February 1984, the latest
was on 10 March 1979 (Fig. 17). The number of
days between first and last ice observed on the
waterway was 50 or more for 6 of the 13 winters
and less than 50 days for 7 of the winters (Fig. 20).

6. Firstice on the waterway was observed on the
Peoria pool for 90% cf the winters, the LaGrange
pool for 50%, the Starved Rock and confluence
pools for 40%, and Dresden Island pool for 20%.
Last ice was on the confluence pool for 60% of the
winters, the LaGrange pool for 40%, Peoria pool
for 30%, and the Starved Rock and Dresden Island
pools for 10% each (App. D).

7. Ice on the lakes, channels and sloughs adja-
centto themainriver channel was observed earlier
and usually lasted well into March (Table 6; App.
Q). Ice was in these areas for 50 or more days for 11
of the 13 winters and for less than 50 days for 2 of
the winters (Fig. 20).

8. Total flow volume for the entire winter (Fig.
19) has no apparent influence on the amount of ice
covering the waterway when the ice is at its maxi-
mum and on the length of time ice stays on the
waterway and adjacent areas (Fig. F11, F12, F15);
however, timing and intensity of the changes in
discharge are very important. When first ice was
observed, discharge was falling orina trou;éh 80%
of the winters and was less than 20,000 ft’/s for
60% of the winters. At maximum ice, discharge
was falling or in a trough 60% of the winters and
was less than 20,000 ft'/s 70% of the time. When
last ice was observed, discharge had peaked or
was rising for 60% of the winters; it was falling or
stable for 40% of the winters. The discharge was

—a
N
o

I Waterway
M Lakes

[o]
o

Days Between First to Last Observed Ice
'S
o

O T WD O~ OO - N M S WD
TSR O 0 @ 0 o
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Figure 20. Number of days between the first and last
observed ice (sce Table 5).
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equal to or greater than 20,000 ft*/s for 40% of the
winters, and less than 20,000 ft*/s for 60% of the
winters.

9. Discharge increases of 1525 ft'/s per day for
24 days to 5600 ft/* per day for 11 days removed ~*
and 78% of the existing ice cover on the waterway
(Table 7); increases of 3525 (12 days) to 5807 (15
days) ft*/s per day removed 3 and 41% of the
waterwayiceand thelakeice. Lakeice wasremoved
in March 1976 and 1984 by discharge increases of
3700 ft*/s per day for 9 days and 3914 ft*/s per day
for 7 days, respectively.

CONCLUSIONS

Landsat imag 2 analysis provides data on gen-
eralice conditions and distribution, especially dur-
ing winters when ice is extensive and long-lasting.
During winters wheniceis notso, Landsatimages
are less useful because of the time gaps between
usable images caused by cloud cover and satellite
repeat cycle. Although image resolution is too
coarse to determine detailed characteristics of ice
cover and to discern thin ice or frazil ice that fre-
quently exists at freezeup, the images provide a
view of large reaches of a river on each scene and,
for many rivers in cold regions, they commonly
are the only source of data on ice conditions.

Ice conditions on the waterway change fre-
quently during each winter and can be quite dif-
ferentbetween winters. Ice discernible on Landsat
images was observed first and lasted the longest
on the lakes, channels and sloughs adjacent to the
mainchannel of the waterway.Itlasted anaverage
of 100 days during a period from early to mid-De-
cember to mid-March. Ice on the main channel
lasted an average of 63 days during a period from
middle tolate December tomiddle tolate February.
Gray ice was observed most frequently, but white
ice formed during seven winters. Air temperature
and discharge determine ice conditions and distri-
bution, but the results of this study indicate that
temperature is usually the more important factor.

Whenused in conjunction with air temperature
and discharge data, Landsat images provide a
good and reasonably reliable method to study
river ice conditionsand changes. Theimages show
ice distributions while the air temperatures and
discharge show conditions that produce the ob-
served ice cover and changes in it. This method is
especially useful when other data sources on ice
conditions are limited or unavailable.
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APPENDIX A: SELECTED LANDSAT IMAGES

The Landsat image. reproduced as figures here are not at the same scale. The reason for this is that
some of the figures show enlarged portions of whole images and the portions of images shown are not
the same size.

. * Frr

Figure A1. MSS image 2751-15441,11 February 1977 ; Brandon Road Dam (A), Dresden Island Dam (B), Marseilles
Dam (C), Starved Rock Dam (D), white ice (E), partial gray ice (F), open areas (G), ice on lakes (H).
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Figure A2. MSS image 2751-
15443, 11 February 1977;
Peoria Dam (A), LaGrange
Dam (B), partial gray ice (C),
complete gray ice (D), white
ice (E), open areas (F), ice on
lakes (G).
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Figure A3. MSS inage 6039-15293, 26 November 1977; partial gray ice (A) on the lakes portion of the Peorta Dam pool.
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Figure A5.MSS image21130-15371,25 February 1978; white ice (A), navigation track (B), Mississippi-Illinois
confluence (C).
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Figure A6. MSS image 21453-15462, 14 January 1979; Peoria Dam (A), white ice (B).
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Figure A8. RBV image 31062-15491A, 30 January 1981; ice on adjacent lakes, channels and sloughs (A) while the
navigation channel (B) appears open.
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Figure A9. RBV image 31098-15504C, 7 March 1981; even-*oned, dark appearance of the Hlinois River due
to open, ice-free water.
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Figure AI10 (cont'd).
47




M0 2oary] Stotff-aayuyuuy o pieod Jo ffo Suned () 10dve 10qpar [[QG T 4a1aq 6 'TISSI-EEGTT Ml SSW L1

> g~

:
L Y

<

¢

MR

48




. . w " -1 Lis .47
CLee . v ¢ /p /
g A ! \ 3 . F,. .

'L'o§ o Fe & . T

Figure A12. MSS image 40524-16101, 22 Decentber 1983; Peoria Damt (A), LaGrange Dant (B), pmtml Qray
ice (C), white ice (D), navigation track (E), complete gray ice (F).
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Figure A13. MSS image 40524-16103, 22 December 1983; M ississippi~Illinois confluence (A), white ice (B),

partial gray ice (C), complete gray ice (D).




Figure A14. MSS image 40565-16032, 1 February 1984; Peoria Dam (A), white ice (B),
navigation track (C), complete gray ice (D), partial gray ice (E).
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Figure A15. TM image 50331-16052, 26 January 1985, white ice (A), open areas (B), partial gray ice (C), complete
gray ice (D), Marseilles Dam (E), Starved Rock Dam (F); aerial photographs (1 and 2) taken 14 February 1985.
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Figure A16. MSS image 50338-16114, 2 February 1985; Starved Rock Dam (A), white ice (B), navigation track
(C), complete gray ice (D); aerial photographs (1-3) taken 14 February 1985.
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APPENDIX B: LANDSAT IMAGES ANALYZED

Pool No Poo] No.
Dates 1 2 3 & 5 6 7 8 Dates 1 23 4 S [
1972-73 (17 dates) 21 January X X X X X X
22 January X X &
24 November X X X X 29 January X X X X
26 November X X X 30 January X X X X X X X
13 December X X X X X X X X 31 January X X X
L4 December X X X 7 February X X X X X
31 Dec X 8 February X X X X X X X X
1 January X X X 9 February X X
17 January X X X X 26 February X X X X X X X X
19 January X 27 February X X
4 February X X X X 6 March X X X X X X X X
5 February X X X 7 March X X X
6 February X X 14 March X X X X X
23 February X X X X X X X X 15 March X X X X X X X X
24 February X X X 16 March X X
13 March X X X ¥ X X X X 23 March X X X X
14 March X X 24 March X X X X X X X X
30 March X X X X X 25 March X X X
31 March X
1976-77 (25 dates)
1973-74 (15 dates)
12 November X X X X X
19 November X X X X 13 November X X X X X X X X
21 November X 14 November X X X
7 December X X X X 30 November X X X X
9 December X X X 1 December X X X X X X X X
14 January X X X 2 December X
31 January X X X X X X X X 18 December X X X X
1 February X X X 19 December X X X X X X X X
17 February X X X X 20 December X X X
19 February X X X S January X X X X
7 March X X X X 6 January X X X X X X X X
8 March X 7 January X X X
9 March X X X 24 January X
25 March X X X X 25 January X X X
26 March X X X X X X X X 10 February X X X X X
27 March X X X 11 February X X X X X X X X
12 February X X X
974-7 0d 16 February X X X X X
17 February X X X X X X X X
14 November X X X X X 18 February X X
15 November X X X X X X 28 February X X X X X X
2 December X X X X X 1 March X X X X X X X X
3 December X X X X X X X X 2 March X X
4 December X X X 19 March X X X X X X X
22 December X X X 20 March X X
7 January X X X Xx X
9 January X 1977-78 (1] dates)
12 February X X X X X
13 February X X X X X X 26 November X X X X X X X X
21 February X X X X 15 December X X X
2 March X X X X X 2 January X X X
3 March X X X X X X X X 18 January X X X X
4 March X X 20 January X X X
13 March X X X 5 February X X X X
20 March X X X X X 6 February X X X X X X X X
21 March X X X X X X X X 7 February X X X
22 March X X 24 February X X X X X X X X
30 March X X X X X X X 25 February X X X
31 March X X X 23 March X X X X X X X
975- a 1978-79 (23 dates)
18 November X X X X 29 November X X X X
20 November X 30 November X X X X X X X X
28 November X X X X X X X X 1 December X X X
6 December X X X X 9 December X X X X X X X X
16 December X X X 10 December X X X
3 January X X X X X X X X 17 December X X X X
4 January X X X 18 December X X X X X X X
12 January X X X X X X X X 26 December X X X X
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Pool No

Dates L2 3 4 5 6 71 8
27 December X X X X X X X X
4 January X X X X
. January X X X X X X
6 January X X X
14 January X X X X X X X X
22 January X X X X
24 January X X X
1 February X X X X X X X X
2 February X
9 February X X X X
10 February X
19 February X X X X X X X X
20 February X
27 February X X X X
10 March X X X
1979-80 (6 dates)
26 November X X X X
26 November X
13 December X X X X X X
14 December X X X
30 December X X X X
31 December X X X X X X
11 March X X X X
1980-81 (22 dates)
9 November X X X X
19 Novewber X X X X X X X
28 Novemter X X X
29 November X X X
17 December X X X
25 December X X X X X
3 January X X X X X X X X
4 January X X X
20 January X X X X
22 Januarv X X X
30 Janda. A X X X A X X X
7 February X X X X
8 February X X X X X ¥ X X
9 February X X X
18 February X
25 February X X X X
26 February X X X X X X X X
27 February X
7 March X X X X X X X X
8 March X X X
15 March X X X X
17 March X

58

Pogl No.
Dates 1 2 3 4 5 6 7_ 8
981-8 6 dates

13 November X X X X
14 November X X X X X X
24 November X
10 December X X X X
11 December X X X X X X X X
12 December X
20 December X X X X X X X
29 December X X X X X X X X
16 January X X X X X X X X
26 January X X X

2 February X X X X

4 February X X X
11 February X

3 March X X
20 March X
21 March X

1982-83 (5 dates)

4 January X X X
13 January X X X X X X X X
21 February X X X

2 March X X X X X X X
25 March X X X

1983-84 (9 dates)
20 November X
22 December X X X X

7 January X X X X
16 January X X X X X X
25 January X

1 February X X X X X X X

8 February X X X X
11 March X X X
23 March X X X

1984-85 (12 dates)
16 November X
23 November X X X X X X X
16 December X X X X
25 December X X X X X X X

1 January X
19 January X
26 January X X X X X X X
2 February X X X X
18 February X X X
20 February X
27 February X X X X X X
6 March X X X X




APPENDIX C: OPEN WATER, GRAY ICE AND WHITE ICE

Abbreviations here are as follows:
SIOL: Scattered ice on adjacent lakes and sloughs
NIOL: No ice on adjacent lakes and sloughs
IOL: Ice covers on adjacent lakes and sloughs
NT: Navigation track visible
ISR: Insufficient spatial resolution

RBV:
T™:
CcC:

PC:

NOI:

Return beam vidicon image
Thematic mapper image
Cloud-covered

Partial cloud cover

Not on image

Pool: Lockport River: Chicago Sanitary and Ship Canal Pool length: 36.2 miles
Open Gray Ice White Ice
Date Length Percent Length Percent engt Percent Remarks
1972-73
24 Nov ISR
13 Dec ISR
17 Jan cc
4 Feb ISR; PC
(3 reb 1SR
13 Mar [olws
30 Mar ISR
1973-74
19 Nov cc
7 Dec cC
31 Jan ISR
17 Feb ISR
7 Mar ISR
25 Mar ISR
26 Mar ISR, PC
1974-75
14 Nov ISR; PL
15 Nov ISR
2 Dec ISR; hazy
3 Dec 1SR; PC
7 Jan ISR: hazy
12 Feb ISR
13 Feb ISR; hazy
21 Feb ISR: CC
2 Mar ISR
3 Mar ISR
20 Mar ISR
21 Mar ISR; PC-hazy
30 Mar ISR; CC
1975-76
18 Nov ISR
28 Nov ISR; CC
6 Dec ISR; CC-PC
3 Jan ISR; PC
12 Jan ISR; CC
21 Jan ISR; PC
29 Jan ISR; PC
30 Jan ISR; CC
7 Feb ISR
8 Feb ISR
26 Feb ISR
6 Mar ISR
14 Mar ISR
15 Mar ISR: PC
23 Mar ISR
24 Mar ISR
1976-77
12 Nov ISR
13 Nov ISR
30 Nov ISR
1 Dec ISR
18 Dec ISR
19 Dec ISR PC
5 Jan ccC
6 Jan cc
10 Feb ISR
11 Feb ISR
16 Feb ISR
17 Feb cc
28 Feb ISR: PC
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1 Mar
19 Mar

27-

26 Nov
18 Jan
S Feb
6 Feb
24 Feb
23 Mar

29 Nov
30 Nov
9 Dec
17 Dec
18 Dec
26 Dec
27 Dec
4 Jan
S Jan
14 Jan
22 Jan
1 Feb
9 Feb
19 Feb
27 Feb

1979-80

L Nov
13 Dec
30 Dec
31 Dec
11 Mar 36.2 100

1980-81

9 Nov

19 Nov  36.2 100
25 Dec 36.2 100
3 Jan

20 Jan

30 Jan

7 Feb

8 Feb

25 Feb
26 Feb

7 Mar 36.2 100
15 Mar

81-8

13 Nov 36.2 100
14 Nov 6.2 17
10 Dec
11 Dec
20 Dec 36.2 100
29 Dec
16 Jan

11 Feb
1982-8
21 Dec

13 Jan
2 Mar

16 Jan
25 Jan
1 Feb

16 Nov
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Remarks

ISR
ISR; PC

ISR

ISR; PC
ISR; PC

ISR

ISR
ISR
ISR
ISR; CC
RBV

RBV; NIOL
I0L

RBV; CC
ISR; PC
ISR; PC

RBV; NIOL

RBV; NIOL

RBV; up. 30 mi-NOI; NIOL
ISR; up. 7 mi-CC

ISR

RBV; up. 5 mi-NOI: IOL
ISR

ISR

ISR:; PC-CC

RBV; sensor saturation

cC
ISR
ISR; hazy

ISR; PC
ISR; low. 13 mi-NOI
ISR

ISR




Open Gray Ice
Date Length Percent Length Percent length Percent Remarks
23 Nov ISR
25 Dec ISR
3 Jan ISR
19 Jan ISR
26 Jan  36.2 100 T™; IOL
20 Feb ISR
27 Feb ISR
Pool: Brandon Road River: Des Plaines Pool length: 5 miles
Open Gray Ice White Jce
Date Leugth Percent Length Percent Length Percent Rematks
1972-73
24 Nov ISR
13 Dec ISR
17 Jan cC
4 Feb ISR; PC
23 Feb ISR
13 Mar cC
30 Mar ISR
1973-74
19 Nov cc
7 Dec cC
31 Jan ISR
17 Feb ISR
7 Mar ISR
25 Mar ISR
26 Mar ISR; PC
1974-75
14 Nov ISR; PC
15 Nov ISR
2 Dec ISR; hazy
3 Dec ISR
7 Jan ISR, PC
12 Feb ISR
13 Feb ISR; hazy
21 Feb ISR; PC
2 Mar ISR
3 Mar ISR
20 Mar ISR
21 Mar ISR: PC-hazy
30 Mar ISR: CC
1975-76
18 Nov ISR
28 Nov ISR; PC
6 Dec ISR
3 Jan ISR; PC
12 Jan ISR: CC
2. Jan ISR
29 Jan ISR
30 Jan ISR; CC
7 Feb ISR
8 Feb ISR
26 Feb ISR
6 Mar ISR
14 Mar ISR
15 Mar ISR: CC
23 Mar ISR
24 Mar ISR
1976-77
12 Nov ISR
13 Nov ISR
30 Nov ISR
1 Dec ISR
18 Dec ISR
19 Dec ISR; PC
5 Jan cC
6 Jan cC
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Open Gray Ice White Ice

Date Length Percent Length Percent Length Percent Remarks
10 Feb ISR

11 Feb ISR

16 Feb ISR

17 Feb cc

28 Feb ISR; PC
1 Mar ISR

19 Mar cc
1977-78

26 Nov ISR

18 Jan cc

S Feb ISR; PC
6 Feb ISR; PC
24 Feb cC

23 Mar ISR
1978-79

29 Nov cc

30 Nov ISR

9 Dec ISR

17 Dec ISR

18 CTec cC

26 Dec ISR

? Dec ISR

4 Jan ISR

5 Jan ISR

l4 Jan ISR

22 Jan ISR

1 Feb ISR

9 Feb ISR

19 Feb ISR

27 Feb ISR
1979-80

24 Nov ISR

13 Dec ISR

30 Dec ISR

31 Dec ISR; CC
11 Mar 5 100 RBV; IOL
1232-81

9 Nov ISR

19 Nov S 100 RBV; NIOL
25 Dec 5 100 RBV; I0L
3 Jan ISR

20 Jan ISR

30 Jan RBV; CC
7 Feb ISR, PC
8 Feb ISR: PC
25 Feb ISR

26 Feb cC

7 Mar 5 100 RBV: NIOL
15 Mar ISR
138]1-82

13 Nov 5 100 RBV; NIOL
14 Nov 5 100 RBV; NIOL
10 Dec ISR

11 Dec ISR

20 Dec S 100 RBV; IOL
29 Dec ISR

16 Jan ISR

2 Feb ISR
982-8

13 Jan ISR

2 Mar ISR; Hazy
1983-84

16 Jan ISR; PC
1 Feb ISR
198485

23 Nov ISR

25 Dec ISR

26 Jan 5 100 ?;é oL
27 Feb
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Pool: Dresden Island River: Illinois/Des Plaines  Pool Iength: 14.7 miles

Open Gray lce __White Ice
Date Length Percenc Length Percent Length Percent Remarks
1972-73
24 Nov 16.7 100 NIOL
13 Dec 14.7 100 SI0L
17 Jan cc
4 Feb 14.7 100 PC; SIOL
23 Feb 14.7 100 SI0L
13 Mar cc
30 Mar 1.7 100 Hazy. NIOL
1973-74
19 Nov cc
7 Dec 13.7 93 up. 1 mi-CC; NIOL
31 Jan  14.7 100 SIOL-NIOL; flooding
17 Feb 12.7 86 2 13 SIOL-NIOL
7 Mar 14.7 100 SIOL-NIOL
25 Mar 14.7 100 SIOL-NIOL
26 Mar 14.7 100 PC; SIOL-NIOL
1974-75
14 Nov 14.7 100 PC; NIOL
15 Nov la.7 100 NIOL
2 Dec 14.7 100 SIOL-NIOL; hazy
3 Dec la.7 100 SIOL-NIOL
7 Jan 4 27 up. 10.7 mi.-CC.; SIOL
12 Feb 14.7 100 SIOL-NIOL
13 Feb 14.7 100 SIOL-NIOL: hazy
21 Feb 14.7 100 SIOL; PC-hazy
2 Mar la.7 100 SIOL
Y Mar 16 7 100 SIOL
20 Mar 147 100 SIoL
21 Mar 1a.7 100 PC-hazy; SIOL
30 Mar 14.7 100 cC
1975-76
18 Nov  14.7 100 NIOL
28 Nov 14.7 100 NIOL
6 Dec 14.7 100 NIOL-SIOL
3 Jan 4.7 100 PC; SIOL
12 Jan CC-PC. SICL
21 Jan 14.7 100 SIOL
29 Jan 14.7 100 SIOL
30 Jan cC
7 Feb 14.7 100 SIOL
8 Feb 14.7 100 SIOL
26 Feb 14.7 100 NIOL
6 Mar 147 100 NIOL
14 Mar 14.7 100 NIOL: PC
15 Mar cc
23 Mar 147 100 NIOL
26 Mar 147 100 NIOL
1976-77
12 Nov 4.7 100 NIOL
13 Nov 14.7 100 NIOL
30 Nov 4.7 100 NIOL
1 Dec 4.7 100 SIOL; PC
18 Dec 14.7 100 SIOL
19 Dec 14.7 100 SI10L; PC
5 Jan cc
6 Jan cC
10 Feb 14.7 100 SI0L
11 Fedb 14.7 100 SIOL
16 Feb 14.7 100 SIOL
17 Feb cc
28 Feb 147 100 PC; SIOL
1 Mar 14.7 100 SIOL-IOL
19 Mar cC
977-78
26 Nov 14 .7 100 NIOL
18 Jan cc
5 Feb 14.7 100 SI0L
% Feb 147 100 sIOL
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Open Gray Ice
Date Length Percent Length Percent Length Percent Remarks
24 Feb cc
23 Mar 14.7 100 SIOL
1978-79
29 Nov cc
30 Nov 14.7 100 NIOL
9 Dec 13.7 93 1 7 SI0L
17 Dec 16.7 100 SIOL
18 Dec cc
26 Dec 7.7 52 7 48 SIOL
27 Dec 14.7 100 SIOL
4 Jan 6.7 46 8 56 SIOL; PC
5 Jan cC
14 Jan 10.7 73 3 20 1 7 I0L; NT
22 Jan  13.7 93 1 7 I0L; NT
1 Feb 13.7 93 1 7 I0L; NT
9 Feb 13.7 93 1 ? IOL; NT
19 Feb 12.7 86 1 7 1 7 PC; SIQOL; NT
27 Feb 14.7 100 SIOL
1979-80
24 Nov  14.7 100 NIOL
13 Dec 14.7 100 NIOL
30 Dec 16.7 100 NIOL
31 Dec cc
11 Mar 14 7 100 RBV; IOL
1980-8
9 Nov 14.7 100 NIOL
19 Nov 14.7 100 RBV, NIOL
25 Dec 14.7 100 RBV; SIOL-IOL
3 Jan  14.7 100 SI0L
20 Jan 14.7 100 PC
30 Jan 4.7 32 RBV; up. 10 mi.-CC: SICL
7 Feb 14.7 100 PC; SIOL
8 Feb 14.7 100 PC; SIOL
25 Feb 14.7 100 NIOL
26 Feb ccC
7 Mar 14.7 100 RBV; NIOL
15 Mar 14.7 100 NIOL
1981-82
13 Nov 14.7 100 RBV; NIOL
14 Nov 14.7 100 RBV; PC; NIOL
10 Dec 16.7 100 NIOL
11 Dec la.7 100 NIOL; PC
20 Dec 12.7 86 14 RBV; IOL
29 Dec 7.7 S2 2* 5 lax 34 IOL: NT; hazy
16 Jan 7.7 52 34 2 14 I0L; PC; NT. hazy
2 Feb 12.7 86 2 14 I0L; NT
1982-83
13 tan 14.7 100 NIOL
2 Mar 14.7 100 SIOL-NIOL
1983-84
16 Jan cC
1 Feb 16.7 100 SIOL
1984-8%5
23 Nov 14.7 100 NIOL
25 Dec 14.7 100 SIOL
26 Jan 12.7 86 14 T™; SIOL
27 Feb cc
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Pool: Marseilles

River: Illinois

Pool length: 27.0 miles

Gray lce Whice Ice

Date Length Percent Length Percent Length Percent __Remayks
1972-73

24 Nov 22 81 low. 5 mi.-NOI; NIOL

13 Dec 27 100 0L

17 Jan cc

4 Feb 22 81 low. 5 mi.-NOI; PC; SIOL
231 Feb 27 100 SIOL

13 Mar cC

30 Mar 27 100 Hazy; NIOL

1973-74

19 Nov CcC

7 Dec 23. 88 low. 3.2 mi.-NOI; NIOL

31 Jan 27 100 SIOL-NIOL; flooding

17 Feb 20. 77 low. 6.3 mi.-NOI; SIOL-NIOL
7 Mar 22. 83 low. 4.7 mi.-NOI; SIOL-NIOL
25 Mar 24 91 low. 2.5 mi.-NOT; SIOL-NIOL
26 Mar 27 100 PC; SIOL-NIOL

1974-75

14 Nov 14 52 low. 7 & mid. 6 mi.-CC: NIOL
15 Nov 27 100 NIOL

2 Dec ? 100 SIOL-NIOL

3 Dec 27 100 SIOL-NIOL

7 Jan 27 100 SIOL; hazy

12 Feb 11 4l low. 16 mi.-CC; SIOL

13 Feb 27 100 SIOL; PC

21 Feb 20 74 low. 7 mi.-NOI. IOL; hazy
2 Mar 27 100 SIOL

3 Mar 27 100 SIoL

20 Mar 27 100 SIOL

21 Mar 27 100 SIQL; PC-hazy

30 Mar 27 100 PC-hazy; SIOL-NIOL
1975-76

18 Nov 23. 86 low. 4.7 mi.-NOI; NIOL
28 Nov 27 100 NIOL

6 Dec 21 78 low, 6 mi.-NOI;, NIOL-SIOL
3 Jan 27 100 SIOL
12 Jan 21 78 22 SIOL; PC
21 Jan 27 100 SIOL
29 Jan 25. 94 SIOL; low. 1.5 mi.-NOI
30 Jan cc

7 Feb 27 100 SIOoL

8 Feb 27 100 SIOL
26 Feb 27 100 NIOL

6 Mar 27 100 NTOL

14 Mar 27 100 NIOL

15 Mar cc

23 Mar 24 89 low. 3 mi.-NOI
24 Mar 24 89 low. 3 mi.-CC

1976-77

12 Nov 27 100 NIOL

13 Nov 27 100 NIOL

30 Nov 27 100 NIOL

1 Dec 27 100 S10L

18 Dec 27 100 SI0L

19 Dec 7 100 SIOL; PC-hazy

5 Jan CC:; low. 1 mi.-NOI

4 Jan cc

10 Feb 24 91 2.5 0L

11 Feb 265 91 2.5 0L

15 Feb 22 81 19 0L

17 Feb cc

28 Feb 27 100 PC, SIOL

1 Mar 27 100 SIOL-I0L

19 Mar cc
1977-78

26 Nov 27 100 NIOL

18 Jan 9 33 up. 13 mi -CC: low. 5 mi.-NOIL.
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Open Gray Ice White [ce
Daze Length Percent Length Percent Length Peycent Remarks
S Feb 11 41 low. 16 mi.-NOI. SIOL
& Feb 27 100 SIOL
24 Feb cc
23 Mar 27 100 SIOL
29 Nov cc
30 Nov 27 100 NIOL
9 Dec 27 100 SIOL
17 Dec 8 30 SIOL; low. 19 mi.-NOI
18 Dec cc
26 Dec 1l 41 1 4 low. 15 mi. -NOI; SIOL
27 Dec 27 100 SI0L
4 Jan 10 37 SIOL; low. 17 mi.-NOI; PC
5 Jan cc
14 Jan 18 67 9 33 0L
22 Jan 11 41 1 4 low. 15 mi.-CC; IOL
1 Feb 23 86 2% 2 1% 7 0L
9 Feb 14 52 low. 13 mi.-NOI
19 Feb 23 85 1 4 3 11 10L
27 Feb 13 48 low. 14 mi.-NOI; I0L-SIOL
1979-80
24 Nov 20 T4 low. 7 mi.-NOI; NIOL
13 Dec 27 100 NIOL
30 Dec 18 67 low. 9 mi.-NOI; NIOL
31 Dec cc
11 Mar 20 74 RBV; low. 7 mi.-NOI; IOL
1380-81
9 Nov 20 74 low. 7 wi.-NOI; NIOL
19 Nov 27 100 RBV; NIOL
25 Dec 27 100 RBV; SIOL-IOL
3 Jan 27 100 S10L
20 Jan 18 a7 low. 9 mi.-NOI; PC
30 Jan 2 7 RBV: low. 25 mi.-CC; SIOL
7 Feb la 52 low. 13 mi.-CC; PC; SIOL
8 Feb 22 81 low. 5 mi.-CC; PC:; SIOL
25 Feb 20.3 75 low. 6.7 mi.-NOI; NIOL
26 Feb cc
7 Mar 27 100 RBV; NIOL
15 Mar 21.3 79 low. 5.7 mi.-NOI; NIOL
198182
13 Nov 11 4l RBV; NIOL; low. 16 mi.-NOI
14 Nov 14 52 RBV. NIOL; low. 13 mi.-CC
10 Dec 17 63 low. 10 mi. -NOI. NIOL
11 Dec 27 100 NIOL; PC-CC
20 Dec 7 100 RBV; IOL
29 Dec 27 100 0L
16 Jan 9 33 2 7 16 59 IOL; NT; hazy-PC
2 Feb 15 56 I0L; low. 12 mi.-NOI: hazy-PC
1982-83
13 Jan 27 100 NIOL
2 Mar 27 100 SIQL-NIOL
1983-84
16 Jan 8 30 19 mi.-CC
1 Feb 19 7 8 30 SIOL
1984-85
23 Nov 27 100 NIOL
25 Dec 27 100 SIOL
26 Jan 17 63 10 37 TM; SIOL; NT
27 Feb cC
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Pool: Starved Rock River: Illinois Pool length: 13.2 miles
Open Gray Ice White Ice
Cate Length Percent Length Percent Length Percent Remarks
1372-73
12 Dec 13.2 100 0L
23 Feb 3.2 70 4 30 SIOL
13 Mar cC
10 Mar 5.2 39 low. 8 mi.-NOI, hazy; NIJL
1973-74
51 Jan 13.2 100 SIOL-NIQL; :looding
26 Mar 13.2 100 SIOL-NIOL
1974-75
14 Nov up. 6.2 mi -CC, low
15 Nov 13.2 100 NIOL
2 Dec 3.2 24 low. 10 mi.-NOI, SIOL z
3 Dec 13.2 100 SIOL-NIOL
T Jan 2 15 low. 11 .2 mi -NOI, SITL. rnazy
i2 Feb cc
13 Feb 13.2 100 PC, SIOL
2 Mar 5 38 low. 8.2 mi.-NOI. SIOL
3 Mar 13.2 100 SI0L
20 Mar 7 53 low 6.2 mi.-%N0l; SIDL-%ITL
21 Mar cC
30 Mar 13.2 100 SIOL-NIOL, PC-hazv
1975-76
23 Nov 6 45 mid. 7.2 mi.-CC; NICL
3 Jan 13.2 100 SIOL
12 Jan 1.2 9 12 91 hazy
21 Jan 6.2 47 7 33 SioL
30 Jan 13.2 100 PC. SIOL-NIOL
7 Feb 1.2 9 low. 12 mi.-NOI: SIOL-NICL
2 Feb 13.2 100 SIOL-NIQL
26 Feb 13.2 100 NIOL
5 Mar 13.2 100 NIOL
14 Mar 2 15 low. 11.2 mi.-N0I
15 Mar cc
24 Mar cc
1976-77
12 Nov 1 8 low. 12.2 mi -NOI; NIOL
13 Nov 13.2 100 NIOL
1 Dec 3.2 100 SI0L
19 Dec 13.2 100 SI0L; PC
& Jan cc
10 Feb 1 8 low. 12.2 mi.-NOI
11 Feb 9.2 70 2 15 2 15 IOL; NT
16 Feb 4 30 low. 9.2 mi.-NOI, IOL
17 Feb cc
28 Feb 2 15 low. 11.2 mi.-NOI: IQL
1 Mar 13.2 100 SIOL-IO0L
19 Mar cc
1977-78
26 Nov 13.2 100 NIOL-SIOL
6 Feb 8 61 5.2 39 IOL: NT
24 Feb 5 38 up. 8.2 mi.-CC; SIOL
23 Mar 13.2 100 SIOL
1978-79
30 Nov 72 55 low. 6 mi.-CC: NIOL
9 Dec 11 2 85 2 15 SIOL
18 Dec cc
27 Dec 9.2 70 a 30 SI0L
5 Jan 4 30 PC; up. 9.2 mi. -CC. NT
4 Jan 13.2 100 I0L: NT
1 Feb 4 30 4.2 32 5 38 I0L: NT
19 Feb 5 2 39 1* 3 8% 23 A 30 I0L: NT
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QOpen Gray Ice White Jce
Date length Percent Length Percent Llength Percent Remarks
1979.80
13 Dec 13.2 e NIOL
31 Dec 7.2 55 up. 6 mi.-oC; NICL, PC-hazy
1980-81
19 Nov 13.2 100 RBV; NIOL
25 Dec 9 68 RBYV; low. 4.2 mi.-NOI; SIOL-IOL
3 Jan 10 76 3.2 2% SIOL
30 Jan RBV; CC
8 Feb 5.7 43 7.5 57 PC: SIOL
26 Feb cc
7 Mar 13.2 100 RBV; NIOL
981-8
14 Nov 10.2 77 RBV; NIOL; up. 3 mi.-CC
11 Dec 13.2 100 NIOL; PC-CC
20 Dec 4 30 RBV; IOL
29 Dec 9 68 I0L
16 Jan 4% 30% 9.2 70 IOL; NT; hazy-PC
1982.83
4 Jan 8.2 62 TM; up. 5 mi.-NOI; NIOL
13 Jan 13.2 100 NIOL
2 Mar 13.2 100 SIOL-NIOL
1983-84
22 Dec 2.2 17 IOL; up. 11 mi.-NOI, NT
7 Jan cC
16 Jan 7 53 I0L; PC; NT. up. 6.2 mi.-CC
1 Feb 12.2 92 1* 8* oL
8 Feb 2.4 18 up. 10.8 mi -NOI; IOL
1984-85
23 Nov 13.2 100 NIOL
16 Dec ™, cC
25 Dec 13.2 100 NIGL
26 Jan 13.2 100 TM; 10L; NT
2 Feb 5 38 IOL; NT; PC; up. 8.2 mi.-NOI
27 Feb cc
6 Mar cc
Pool: Peoria River: [llinois Pool length: 73.5 miles
Open Gray Ice thite Ice
Date Length Percent Llength Percent Length Percent Remarks
1972-73
26 Nov cc
13 Dec 52.5 71 ¥ L3* 11 18* IoL
14 Dec 33 45 19 8% 26 11* up. 13.5 mi.-NOI: IOL
1 Jan 60* 82%* up. 13.5 mi.-NOI. IOL
3 Feb CcC
4 Feb cc
23 Feb 73.5 100 SIOL-1I0L
24 Feb 22 30 up. 51.5 mi -NOI: SIOL
13 Mar cc
1973.74
9 Dec 56 76 up. 17.5 mi.-NOI; NIOL-SIOL
14 Jan up. 16.5 mi.-NOI. CC
31 Jan 73.5 100 SIOL-NIOL; flooding
1 Feb cC
19 Feb 25 34 up. 18.5 mi.-NOT. low 27 mi -CC.
NIOL
4 Mar cc
26 Mar 3.5 100 NIOL: flooding
27 Mar 19 26 up. 54.5 mi.-NOI, NIOL
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Open Cray Ice White Ice
Date Length Percent Length Percent Length Percent Remarks
1974-75
15 Nov 48 65 NIOL; low. 25.5 mi.-NOI
3 Dec 73.5 100 SIOL-NIOL
4 Dec cC
22 Dec cc
13 Feb cc
3 Mar 73.5 100 SIOL-NIOL; high water
13 Mar 39 80 up. 14.5 mi.-NOI; NIOL-SIOL, low.
7 mi.-hazy
21 Mar (oo}
30 Mar 32 44 low. 41.5 mi.-NOI; NIOL; high
water
31 Mar 63 86 up. 10.5 mi.-NOI: NIOL
1975-76
28 Nov 63.5 86 mid. 10 mi.-CC; SIOL-NIOL
16 Dec 26 36 up. 32.5 mi.-NOI; mid. 15 mi.-
CC; NIOL
3 Jan 73.5 100 SIOL; tow. 20 mi.-PC
4 Jan 14 19 20% 13 27* 18 up. 18.5 mi. and mid. 8 mi.-
NOI; SIOL
12 Jan PC-CC; IOL
21 Jan low. 27.5 mi.-NOI; CC
22 Jan 6 8 up. 67.5 mi.-NOI; I0L
10 Jan 20 27 low. 23.5 mi.-NOI; mid. 30 mi.
cc; 1oL
31 Jan 9 12 32% 2 46*x 3 up. 18.5 mi. and mid. 12 mi.
NOI; IO0L
8 Feb 50.5 68 21x 2 29% 3 0L
9 Feb 6 8 14 5% 20%* up. 19 mi., mid. 25 mi. and low.
9 mi.-NOI; IOL
26 Feb 3.5 100 NIOL-SIOL
& Mar 73.5 100 NIOL; high water
7 Mar 54 73 up. 19.5 mi.-NOT; NIOL: high water
15 Mar PC-CC
24 Mar PC-CC
25 Mar 10 14 up. and mid. 63.5 mi.-NOI; PC:
NIOL
1976-77
13 Nov 73.5 100 NIOL
14 Nov 17 23 up. 56.5 mi.-NOI. PC: NIOL
1 Dec 59.5 81 1i* 3 15*% 4 I0L; PC-hazy: NT
2 Dec 7 10 I10L; up. 54 mi. and low. 12.5
mi . -NOI
19 Dec 13 18 low. 60.5 mi-CC: IOL
20 Dec cC
6 Jan 4 S 26.5 36 up. 43 mi.-CC: IOL: PC: NT
7 Jan 12 16 32 44 up. 19 and mid. 10.5 mi. NOI.
I0L; NT
25 Jan 9 12 up. & low. 64.5 mi -NOT & CC:.
NT; IOL
11 Feb 11 15 62.5 85 I0L; NT
12 Feb cc
17 Feb 27 37 5 7 13 45 10L; up. 8.5 mi.-CC: PC: NT
1 Mar 73.5 100 SIOL
2 Mar cc
19 Mar cC
1977-78
26 Nov 68.5 93 5 7 SIOL
15 Dec cC
2 Jan 1 1 35 5% 12 48* 16 up. 16 mi. & mid. 9 mi -NOIL.
IOL: NT
20 Jan 1 1 32% 7 4a* 10 PC; up. 19 mi. & mid -8 mi.
NOT: IOL; mid. 6.5-CC. NT
6 Feb 3 4 4 5 66.5 90 I0L: NT
7 Feb 7 i0 58 79 up. 8.5 mi.-NOI; IOL; NT
24 Feb 32 5 44 6 8 35 48 I0L; up. 11 mi.-PC; NT
25 Feb cC
23 Mar 53 72 NIOL-SIOL; RBV; low. 20.5 mi -CC
1573.39 »
& Nov 18.5 25 up. 3% mi.-CJ0 NIOL
1 Dec <<
4 Dec i85 52 21* 10 29* 14 a4 9 10L: NT
13 Dec 13 18 21% 28 5 29% 37 A 5 up. T omi -NOT TIOL NT
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Open Gray Ice White Ice
Date Length Percent Length Percent Length Percent . Remarks
18 Dec cc
27 Dec 51.5 70 5% 17 7* 23 10L; NT
S Jan 43.5% 59% pC, low. 30 mi.-CC
6 Jan cC
14 Jan 7 10 67.5 92 IOL: NT
Zs Jan 4 S 25 34 PC-CC; up. 44.5 mi.-CC. ICL
L Feb Ix 6 4% 8 64.5 88 IOL: NT
2 Feb 7 10 3 4 35 48 up. 11 mi. -CC; low. 17 5 mi.
NOI; NT; IOL. PC
19 Feb 2.5% 10 3* 14 61 83 NT; IOL
20 Feb cC
10 Mar 56.3 77 Flooding over ice locallv. IJL.
up. 17 mi -NOI, PC
1979-80
26 Nov cC
13 Dec 48 65 low. 25.5 mi.-NOI; NIOL
14 Dec 61 83 up. 12.5 mi.-NOI; NIOL: low 23
mi.-RBV
31 Dec cC
1980-81
15 Nov 35 48 RBV: NIOL; low. 38.5 mi -NOI
23 Nov 26 35 up. 47.5 mi -NOI, PC. NigL-StoL
29 Nov 55 75 up. 18.5 mi -CC; PC; SIOL
17 Dec 4.5 20 up. 59 mi.-NOT, PC; NICL
3 Jan 31.5 43 10* 31 la* 42 I0L; PC; NT
4 Jan 3u% 28 46% 38 up. 11.5 mi.-NOI; IOL
22 Jan 16.5 20 37% 9 50% 12 IOL; up. 13 mi.- NOI: low /8 mi
pC
30 Jan 46.5 63 13* 18% RBV; up. 8 mi.-CC; I0L: PC. low.
6 mi.-CC: NT
8 Feb 3 4 66.5% 4 90* 5 IOL: PC: NT
3 Feb 26% 5.5 35% 21 22 10 I0L; NT; up. 10 mi.-NuUl
26 Feb 48.5 66 up. 25 mi.-CC; SIOL
7 Mar 73.5 100 RBY: NIOL-SIOL
3 Mar 60.5 82 RBV; up. 13 mi.-NOI; NIOL
17 Mar 18.5 25 up. 46 mi.-CC. NIOL; low. ¢ =i -
NOI
1681-82
14 Nov 30.5 41 RBV; low. 43 mi.-CC; NIOL;
PC-hazy
24 Nov 52.5 71 low. 10 mi. and up. 11 mi-NOI:
NIOL; PC
11 Dec 73.5 100 PC-CC; NIOL-SIOL
12 Dec 52.5 71 up. 12 mi.-NOI; hazy-PC. NIOL:
low. 9 mi.-NOI
20 Dec 37 13.5% 50 18% RBV; SIOL-I0L; low. 23 mi.-NOI: NT
29 Dec 24 33 a* 24 5% 33 21.5 29 I0L; NT
16 Jan a* 5% 69.5 95 I0L: NT; PC
26 Jan 5 7 RBV; IOL; up. 68.5 mi.-NOI
4 Feb 3% 7 7x 10 53.5 73 up. 8 mi.-NOI; IOL; NT
3 Mar 65.5 89 8 11 RBV; flooding; SIOL, NT
1982-83
4 Jan 73.5 100 TN: NIOL
13 Jan 73.5 100 NIOL
21 Feb 255 35 up. 48 mi.-NOI: hazy: NIOL
2 Mar 73.5 100 SIOL-NTOL
25 Mar 25.5 35 up. 48 mi.-NOI: NIOL
1983-84
22 Dec 35 5 9% 22 12* 30 39 53 IOL; NT
7 Jan 3 4 39.5 54 I0L: NT; up. & low. 31 mi.-CC
16 Jan 2% 8.5 3% 12 22 30 low. 41 mi.-CC: IOL: NT; PC
1 Feb 7 10 2> 10 I*x 14 S4.5 74 10L: NT
8 Feb 265 36 17% 10 50% la I0L; NT; PC-hazy
11 Mar 73 99 up. 5 mi.-NOI; IOL-SIOL
23 Mar 59.5 81 TM; up. 14 mi.-NOI: high water:
NIOL
1984-85
23 Nov 73.5 100 TM: NIOL
16 Dec 735 100 T™; SIOL
25 Dec 47.5 65 26 35 SIOL-I0L
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Open

Gray Ice

White Ice

Date Length Percent Length Percent Length Percent Remarks
26 Jan 2 3 3x 4 4% 5 64.5 88 TM; IOL; NT
2 Feb 7* 3 10% 4 63.5 86 IOL; NT: PC
18 Feb cc
27 Feb cC
6 Mar 57.9% 78 up. 16 mi.-CC; NIOL; high water
Pool: LaGrange River: Illinois Pool length: 77.5 miles
Dpen __Gray lIce ___White Ice
Date Length Percent Length Percent Length Percent Remarks
1972-73
26 Nov cc
13 Dec 59.5 77 18 23 I0L
14 Dec 5.5 7 59 13* 76 17% oL
1 Jan 77.5% 100* 0L
5 Feb cc
6 Feb cC
23 Feb 7.5 100 SIOL-NIOL
24 Feb 7705 160 SIOL-NIOL
13 Mar cc
l4 Mar 70.5 91 up. 7 mi.-NOI; NIOL
1973-74
9 Dec 77.5 100 SIOL
14 Jan 57 74 18 23 up. 2.5 m.-CC; IOL
31 Jan 73 1A low. 4.5 mi.-NOI; NIOL; flooding
1 Feb 15 19 up. 62.5-CC; NIOL
19 Feb cc
9 Mar PC-CC; NIOL
216 Mar 77.5 100 NIOL; flooding
27 Mar 77.5 100 NIOL; flooding
1974-7
3 Dec 775 100 SIOL-NIOL
4 Dec 73 mi.-PC to CC; up. 4.5 mi.-NOI
22 Dec 72 93 up. 5.5 @i.-NOI; PC; NIOL-SIOL
3 Mar 77.5 100 SIOL-NIOL; high water
4 Mar 70 90 up. 7.5 mi -NOI; SIOL-NIOL:; high
water
13 Mar cc
21 Mar cc
22 Mar 68 88 up. 9.5-mi.-NOI; NIOL
31 Mar 77.5 100 NIOL
1975-7
28 Nov 77.5 100 NIOL
16 Dec 77.5 100 NIOL, high water
3 Jan 77.5 100 SIQOL: PC
4 Jan 77.5 100 SIOL
12 Jan PC-CC; IOL
22 Jan 65.5 85 low. 12 mi.-CC; IOL
31 Jan 77.5 100 0L
8 Feb 655 85 12 15 10L
26 Fed 10 13 low. 67.5 mi.-CC; NIOL
27 Feb 72 93 up. 5.5 mi.-NOI; NIOL
6 Mar 775 100 NIOL: high water
7 Mar 77.5 100 NIOL:. high water
15 Mar PC-CC
16 Mar 70 90 up. 7.5 mi.-NOI; NIOL; PC
24 Mar PC-CC
25 Mar 57 74 low. 20.5 mi. -CC: PC; NICOL
13 Nov 77.5 100 NIOL
143 Nov 775 100 NIOL; PC
1 Dec 773 100 I10L; PpC
12 Dec cc
20 Dec [otes
6 Jan 20 26 PC; low. 5% 5 mi. & up. 7 mi.
CcC, 10L
7 Jan 26.5 34 16 21 35 49 I0L; NT
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Open Gray I[ce White [ce
Date Length Percent Length Percent Lengch Percent Remarks
25 Jan 10 13 up. & low. 67.5 mi.-CC; I0L; NT
11 Feb 29.5 38 a8 62 I10L: NT
12 Feb cC
17 Feb 52 7 8 10 PC-CC; 10L; low. 17.5 mi.-CC; NT
18 Feb 16 21 23 30 up. 7.5 mi.-NOL; IOL; amid.
21-CC; NT
1 Mar 775 100 SIOL
20 Mar cc
97778
26 Nov 7.5 100 S10L, PC
15 Dec 53 68 up. 24.5 mi.-CC: SIOL-IOL
2 Jan 7.5 100 0L
20 Jan 63.5 82 14 18 PC; I0L; NT
6 Feb 18.5 24 13* 17% 28 16 low. 18 mi.-NOIL; IOL; NT
7 Feb 5 6 13* 10 18* 13 48.5 63 low. 40 mi.-PC tov hazy; I0L; NT
24 Feb 50 65 15 19 low. 12.5 mi.-NOI; IOL; NT
25 Feb 3* 4x 23 30 up. 51.5 mi.-CC; PC, IOL; NT
23 Mar CC: RBV
1978-79
30 Nov 58.5 75 low. 19 mi.-NOI; NIOL
1 Dec 34.5 4% up. 43 mi.-CC; NIOL
9 Dec 57 4 low. 20.5 mi.-NOI; IOL
10 Dec 15 19 15% 47.5 19* 61 I0L; NT
27 Dec 58.5 75 low. 19 mi.-NOI, IOL
6 Jan 9 12 RBV; up. 68.5 mi.-CC
14 Jan 59.5 77 low 18 mi.-NOI; NT
24 Jan 9 12 68.5 88 PC; IOL; NT
1 Feb 9% 4 12* 5 42.5 55 low. 22 mi.-NOI; IOL: NT
19 Feb 5.5 7 12 15 43 55 low. 17 mi -NOi, iJL; NT
10 Mar 23.5 30 35% 19 45% 25 {looding; IOL
197980
14 Dec 1S 100 RBV; NIOL
1980-81
28 Nov 94 low. 4.5 mi.-NOI; PC; SIOL
29 Nov 7. 100 SIOL-NIOL
17 Dec 775 100 PC; SIOL-NIOL
3 Jan 8 10 I0L; low. 7 mi.-NOI
« Jan 1+ 74,5 4% 96 oL
22 Jan 12% 9 15% 12 13 17 I0L; up. 43.5 mi.-CC
30 Jan 61 79 RBV; IOL; up. 4.5 mi.-CC;
low. 12 mi.-NOI
8 Feb 2% 35.5 45% 46 I10L; low. 7 mi.-NOI; NT
3 Feb 20 26 low. 57 mi.-CC; IOL
26 Feb Tah 96 SIOL; low. 3 mi.-NOI
7 Mar 68 5 58 RBV; low. 9 mi -NOI: SIOL-NIOL
8 Mar S 100 RBV; NIOL-SI0L
1381-82
11 Dec 69 5 90 NIOL; low. 8 mi.-CC, hazy
29 Dec 52 5 68 25 32 low 20 mi.-NOI; IOL
16 Jan 1* 4 16% 5 40.5 52 low. 22 mi.-NOI: IOL: NT
26 Jan AL 30+ 10 46.5 60 RBV; IOL; NT
4 Feb 17.5 23 60 77 I0L; NT. PC
3 Mar 35 0% 59 RBV; low. 32 mi.-CC; flooding;
SIOL
1982-83
o Jan T8 100 TM, NIOL; high water
13 Jan 1705 23 NIOL; low. 60 mi.-NOI
1 Feb 7.5 100 PC-CC; NIOL
2 Mar 13 3 17 low. 64 mi.-NOI; NIOL; PC
25 Mar AVAEDY 160 NIOL
19R3-84
22 Dec 12.5% 65 16* 84 I0L; NT
! Jan 17 22 W2 185 5S4 24 IOL; NT: rC
1 Feb 159 5 2 2 3l low. 60 mi. -NOI. IOL
8 Feb S 100 IOL; hazy-PC
11 Mar 7705 100 SIOL
23 Mar 775 100 TM. NIOL; high water
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Open Gray Ice e
Date Length Percent Length Percent _length Pepcent Remarks
1984-85
23 Nov 12 15 T™; low. 65.5 mi.-NOI: NIOL
16 Dec 7.5 100 TM, SIOL-NIOL
25 Dec 16 21 low. 61.5 mi.-NOI; SIOL-IOL
26 Jan 1 1 15 19 T™M; low 61.5 mi.-NOI; I0L; NT
2 Feb 36*% 26 46% 34 15.5 20 I0L; NT; PC
18 Feb 40% 52% up. 37.5 mi.-CC; IO0L; NT, PC

6 Mar 77.5 100

Pool: Illinois-Mississippi

Confluence

Open
Date _Length Percent

Gray Jce

Length Percent

River: Illinois

White Ice

Length Percent

NIOL; PC; high water

Pool length: 80.1 miles

Remarks

1972-73

26 Nov
13 Dec
14 Dec
31 Dec
1 Tan
19 Jan
5 Feb
23 Feb 80.1 100
24 Feb 80.1 100
13 Mar
14 Mar 80.1 100
31 Mar 7C 87

1973-74

21 Nov
9 Dec 80.1 100
14 Jan
31 Jan 55 69
1 Feb 80.1 100
19 Feb

8 Mar
9 Mar 30 37
26 Mar 80.1 100
27 Mar 37 46
1974-75
3 Dec 80.1 100
4 Dec
22 Dec 40 50
9 Jan
3 Mar 80.1 100
4 Mar 80.1 100
13 Mar
21 Mar
22 Mar 80.1 100
30 Mar
31 Mar 80.1 100
1975-76
20 Nov
28 Nov 80.1 100
16 Dec 80.1 100
3 Jan 80.1 100
4 Jan 80.1 100
12 Jan
21 Jan
22 Jan
30 Jan
31 Jan 24 30
8 Feb 30.1 38
9 Feb
26 Feb al 51

27 Feb 80.1 100
6 Mar 80.1 100
7 Mar 80.1 100

15 Mar

16 Mar 80.1 100

Ju Mar

25 Mar 10 12

68.1 85
25.1 31
80.1 100

36% 441 45% 55

23% 29%
69*% 5 86* 6

32% 17 40* 21
4l S1*

73

cC
mile 70 to 538-NOI. PC: IOL
low. 55 mi.-CC; PC, IOL

up. 10.1-mi.-NO1; PC

cc

SIOL-NIOL

10L

up. 25.1 mi.-NOI; NIOL

NIOL

cc

cC

50.1-CC; NIOL

NIOL; flooding

low. 43.1-NOI; NIOL: flooding

NIOL

ccC

low. 40.1-NOI; PC; NIOL-SIOL
cC

NIOL-SIOL; high water
NIOL-SIOL; high water; PC-hazv
cc

PC-CC

NIOL

cC

NIOL

up. 40.1 mi.-NOI: CC
SIOL-NIOL

NIOL

PC; NIOL

NIOL

PC-CC; low 45.1 mi-CC; SIOL-NIOL
up. 57.1 mi.-CC

up. 6.1 mi -CC: SIOL-IQL
CcC

IOL; low 56.1 mi.-CC

I0L

up. 39.1 mi.-NOI, IOL
up. 39.1 mi.-CC. NIOL
NIOL; high water

NIOL

NIOL

cC

PC. NIOL

cC

up. and low. 70 1 mi -CC




Open Cray Ice White Ice
Date Length Percent Length Percent Lepgth Percent Remarks
1976-77
13 Nov 58 72 low. 22.1 mi.-CC. NIOL
14 Nov PC-hazy: NIOL
1 Dec cC
19 Dec cc
20 Dec 20 25 up. 60.1 mi.-CC; NIOL
6 Jan cc
7 Jan 11 11 69.1 86 IOL; NT
24 Jan cC
25 Jan cc
11 Feb 61.1% 10 76% 12 9 11 I0L; NT
12 Feb 20%* 25% up. 20.1 mi.-CC; low. 40 mi.
-NOI; NT
17 Feb CcC
18 Feb 54.1% 17 68*% 21 g 11 IOL: NT
1 Mar 80.1 100 SIOL
2 Mar cc
19 Mar cc
20 Mar <C
1977-78
26 Nov 35 44 PC; SIOL-NIOL; low. 45.1 mi.-CC
15 Dec 42* 38 .1 52% 48 SIOL-I0L
2 Tan 80. 1% 100* IOL; NT
20 Jan 4% 9 5% 11 67.1 84 low 22 mi.-PC; I0L; NT
6 Feb 40 50 up. 40.1 mi -NOI; 1OL; NT
7 Feb 80.1 100 PC-hazy; IOL; NT
24 Feb 51 64 up. 29.1 mi.-NOI; IOL; NT
25 Feb 9% 7 11* 9 64.1 80 I0L; NT
1978-79
30 Nov 40.1 50 up. 40 mi.-NOI; NIOL
1 Dec 80.1 100 NIOL; PC
9 Dec 331 4l up. 47 mi.-NOI; IOL
10 Dec 4.1 5 76 95 I0L
18 Dec 28.1 35 up. 52 mi.-NOI; SIOL
27 Dec 35.1 44 up. 45 mi.-NOI; SIOL
6 Jan 27% 34% 18 22 RBV: PC; low. 3>.1 mi.-NOI;
I0L; NT
l4 Jan 35 44 uo. 45.1 mi -NOI; TOL: NT
24 Jan 5 6.2 75.1 94 I0L; NT
1 Feb 32 40 up. 48.1 mi.-NOI; IOL; NT
10 Feb 16.1 20 up. 64 mi.-CC; IOQL; NT: PC
19 Feb 40 50 up. 40.1 mi.-NOI: IOL: NT
10 Mar 80.1 100 SIOL; PC; highwater
1979-89
14 Dec 80.1 100 RBV; NIOL
1980-81
19 Nov 5Q.6 63 RBV; up. 29.5 mi.-NOI, NIOL
28 Nov 55.1 69 up. 25 mi.-NOI; NIOL
29 Nov 80.1 100 NIOL
17 Dec 80.1 100 NIOL
3 Jan 38.1 48 low. 17 mi. -CC; up. 2I5 mi.-NOI.
NIOL
4 Jan 55.1 69 NIOL; low. 25 mi.-CC
22 Jan 50% 32 37% 40 I0L; low. 18.1 mi.-CC
30 Jan 54.1 68 RBV: up. 26 mi.-NOI; NICL
8 Feb 14.1% 41 18% 51 up. 25 mi.-NOI. IOL; NT
9 Feb 38.1% 42 48% 52 up. 15.1 mi. -PC; IOL. NT
18 Feb S5* 4 6* S RBV: IOL: up. 71.1 mi.-CC
26 Feb 37 71 up. 23.1 mi.-NOI. NIOL
27 Feb cC
7 Mar 59 A9 RBV; NIOL: up. 25.1 mi. -NOI
8 Mar 80.. 100 RBV. NIOL
1981-82
11 Dec cc
20 Dec RBV: image not useable
29 Dec 5% 25 6% 31 up. 50.1 mi. -NOI; I0L
16 Jan 29 36 up. 51.1 mi.-NOI: IOL: NT
26 Jan 63* 79% 17.1 21 RBV; IOL; NT
4 Feb 80.1 100 IOL; PC-CC; NT
20 Mar 15 19 RBV; up. 65.1 mi.-NOI. NIOL
2l Mar 34 42 NIOL; up 6.1 mi.-NOI:; PC
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Open Gray lce White Ice

Date _ Length Percent Length Percent Length Percent Remarks
1982-83

4 Jan 20.1 100 TM; NIOL; high water
21 Feb 26.1 30 low. 56 mi.-NOI- PC; NIOL
25 Mar 80." 100 NIOL

1983-84

20 Nov [ofo]

22 Dec 7% 60.1 9% 75 13 16 IOL; NT

7 Jan 60* 9.1 75% 11 11 14 I0L; NT

8 Feb 64.1 80 8* 8 10* 10 I0L: hazy-PC

11 Mar 80.1 100 SIOL-NIOL; PC

23 Mar 80.1 100 TM; NIOL; high water
1984-85

16 Dec 80.1 100 T™, NIOL

2 Feb 42% 13 "2+ 16 25.1 31 I0L; NT; PC

18 Fedb 67% 6 84% 7 7.1 9 I0L; NT

6 Mar 80.1 160 NIOL; high water; PC




APPENDIX D: ICE DISTRIBUTIONS AS OBSERVED
ON LANDSAT IMAGES

These maps show ice conditions on the portions of the waterway visible on Landsat images for
a given day. No single image or set of images taken on the same day show all of the waterway.
Therefore, some of the maps have CC or NOI at the end of the line showing the areal extent of ice
on a pool. The CC means the rest of the pool was cloud-covered (e.g., Fig. D1). The NOI means the
rest of the pool was not on the image (e.g., Fig. D1). In all figures a dashed line denotes gray ice.
When a superscript asterisk appears next to the date of a dashed line (e.g., Fig. D1), the gray ice fills
the channel bank to bank; otherwise, the gray ice partially fills the channel. A solid line denotes
white ice.
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APPENDIX E: DAILY AVERAGE AIR TEMPERATURE AND MEAN DAILY DISCHARGES
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APPENDIX F: SCATTERGRAMS, EQUATIONS AND CORRELATIONS
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Figure F1. First ice cover (%) and FDD
accumulated on the date first ice was observed
(n=10).
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Figure F3. Last ice cover (%) and FDD
accunulated on the date last ice was observed
(n=10).
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Figure F5. Maximum ice cover (%) and FDD{MDD ratio
on Hie date maxinuon ice was observed (n = 10).
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FOD-Maximum Iice

Figure F2. Maxinum ice cover (%) and FDD accumulated on
the date maximunt ice was observed (n = 10).
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Figure F4. First ice cover (%) and FDD/
MDD ratio on the date first ice wons observed
(n=10).
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Figure F6. Last ice cover (%) and FDD ratio
on the date last ice was observed (n = 10).




‘00 T T T T T

o
e
T

Maximum ice Cover

0 D—i Loy - 4 i A

300 600 800 ‘900 <200 <400

Totat FDD

6C

80 g8

60

40 +

Maximum Ice Cover

FDO/MDD

BOt a r

&0

Waterway

40 F 4

20F ]

Days-First to Last Ice on

0
400 600 800 1000 1200 1400 1600
TOTAL FOD

Figure F9. Days from first to last ice and FDD

accrmulated from 5 November to 31 March (n
=13).
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Figure F7. Maxinun ice cover (5 )and
EDD accumulated from 5 November to
31 March (n=13).

Fiqure F8. Maxinnun ice cover (%) and
FDD/MDD ratio for the period 5
November to 31 March (n=13).
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Figuie F10. Days from first to last ice and the
FDD/MDD ratio for tie period 5 November to
31 March (n=13).
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Figure F11. Days from first to last ice and Hhe
total flowe volume (ft3]s « days, Q) from 1 Octo-
ber to 31 March (n=13).
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Figure F13. Days from first to last ice on the
adjacent lakes and the FDD accumulated fron
5 November to 31 March (n=13).
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Figure F12. Maxinnon ice cover (%) and the total
flowe volume (ftifs « days, Q) from 1 October to 31
March (n=13).
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Figure F14. Days from first to last ice on Hie
adjacent lakes and the FDD/MDD ratio for Hie
period 5 November to 31 March (n=13).

Figure F15. Days from first to last ice on the
adjacent lake and the total flowe volunme (fHfs
days, Q) from 1 October to 31 March (n=13).




TableF1.Regression lines fitted to the scattergrams. Cricket Graph 1.2
by Cricket Software on a Macintosh Plus computer was used to fit

lines to the scattergrams.

fndeper dent
variable

FDD-First ice
(Fig. F)

FDD-Maximum ice

(Fig. F2)

FDD-Last ice
(Fig. F3)

FDD/MDD-~First ice

(Fig. F4)

FDD/MDD-Maximum

ice (Fig. F5)

FDD/MDD-Last ice

(Fig. F6)

Total FDD
(Fig. F7)

FDD/MDD
(Fig. F$)

Total FDD
(Fig. F9)

FDD/MDD
(Fig. F10)

Total Q
(Fig. F11)

Total Q
(Fig. F12)

Total FDD
(Fig. F13)

FDD/MDD
(Fig. F14)

Total Q
(Fig. F15)

Dependent
variable

‘¢ Firstice
cover
¢ Maximum
ice cover
“¢ Lastice
cover
% Firstice
cover
“ Maximum
ice cover
% Lastice
cover

¢ Maximum
ice cover

% Maximum
ice cover

Total days ice
on waterway

Total days ice
on waterway

Total days ice
on waterway

% Maximum
ice cover

Total days
ice on lakes

Total days
ice on lakes

Total days
ice on lakes

S/O}'U of
the line

0.059%

0.0014

0.0309

10.965

0.2294

3.2996

0.0522

11.861

0.0726

22175

—0.0640x107°

0.0926x107

0.0471

14.965

—0.0695x107°

112

v intercept

11.961

67.694

-12.934

14.807

68.003

6.036

2.672

o]

470

-
3

v

-21.674

11.930

51.014

48.708

30.709

51.554

79.105

CUL'f‘}.I'L‘iUHf
of deterniination,
5
0

0.181

0.001

0.371

0.084

0.002

0.306

0.126

0.617

0.429

0.00

0.002

0.221

0166

0.001

10

10

10

10

10

10

13

13




A facsimile catalog card in Library of Congress MARC format is reproduced
below.

Gatto, Lawrence W.

Ice conditions along the Illinois Waterway as observed on Landsat images,
1972-1985 / by Lawrence W. Gatto. Hanover, N.H.: U.S. Army Cold Regions
Research and Engineering Laboratory; Springfield, Va.: available from National
Technical Information Service, 1989.

vi, 118 p., illus., 28 cm. (CRREL Report 89-20.)
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